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PARENTERAL NUTRITION 
Vil. MeraBouic STULIES ON Puppies INFUSED WitH Far EMULSIONS 
GrorGE V. Mann, M.D., Rosert P. Geyer, Puo.D., DoNALD M. WatkIn, M.D., 
RicHARD L. SMyTHE, A.B., DsaI-cHWEN Dgu, PH.D., NoRMAN 


ZAMCHECK, M.D., AND FREDRICK JJ. STARE, M.D. 


30STON, Mass. 


7: preparation of fat emulsions with high calorie concentrations for 
parenteral supplementation or replacement of oral feeding has been stud- 


ied intermittently by various workers for over fifty years.’ Reports have in- 


dicated varying conclusions as to the practicability of preparing an emulsion 
of fat that can be given intravenously for nutritional purposes. Work done 
in this laboratory over the past six years has shown that fat emulsions suit- 
able for intravenous administration can be prepared and that the calories in 
such preparations are available for energy requirements when the emulsions 
are given intravenously." 

The experiments deseribed in this paper were undertaken in an effort 
to study the effect of intravenous fat emulsions upon growth, nitrogen bal- 
anee, and selected biochemical and hematologie functions. Two litters of 
puppies were used to determine: (1) whether young and rapidly growing 
animals, with a consequently high calorie requirement, can utilize an emulsion 
of fat given intravenously ; (2) whether daily infusion in large amounts (1.5 to 
10.0 Gm. of fat per kilogram of body weight) of the emulsion now used in 
this laboratory* will lead to either histologic, hematologic, or metabolic injury. 


EXPERIMENTAL 


The puppies were housed in an air-conditioned room in individual metabolism cages 

permitting accurate collection of urine and feces. They were weighed daily. Nitrogen bal 

e studies were conducted on a three-day interval scheme. The animals were maintained 

three days on a new regime and the nitrogen intake and output were then measured for each 

three consecutive days and the balances were computed for each dog. Nitrogen deter 
nations on diet and excreta were done by the macro-Kjeldahl method. 

Hematologic studies were done on blood collected in a dry syringe from a foreleg vein 

transferred to a tube containing balanced oxalate. Hemoglobin determinations were done 

a direct photometric method.6 During infusion perieds, blood was drawn for hematologic 

{ chemical studies just before the start of an infusion; this was usually twenty-four hours 


er the last infusion. 
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*Emulsion No, 35, composition in grams: coconut oil, 300; phosphatide fraction BF2, 30; 


rose, 35; water, 634; for details of preparation see reference 5. 
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Total serum protein and serum albumin were determined by the method of Howe, 
serum nonprotein nitrogen by the nesslerization procedure of Koch and MeMeekin,’ and 
serum bilirubin by the diazotization procedure of Malloy and Evelyn.9 Serum total and 
free cholesterol determinations were done by the method of Schoenheimer and Sperry.10 

sromsulfalein excretion was determined by the method previously deseribed by Me 
Kibbin'! and plasma prothrombin by the method of Link.!2 | Plasma volumes were deter 
mined by the method of Hopper and co-workers!% and red blood cell fragility by the method of 
Wintrobe!4 or Parpart.15 Fecal lipids were determined as follows: Collections of the twenty 
four hour feces for each dog were mixed in a Waring blendor with the additions of 95 per cent 
ethyl aleohol and concentrated hydrochloric acid until acid to Congo red. An aliquot of the 
mixture was dried in vacuo and extracted with dry chloroform for twenty-four hours in a 
Soxhlet extractor. The chloroform was then removed in vacuo, the residual fat taken up ir 
low-boiling (40 to 60° C.) petroleum ether and filtered into tared beakers. The ether was re 


moved and the chloroform-extractable, petroleum ether-soluble lipid determined by weighing 





Fig. 1.—A photograph of the apparatus used for infusion of animals. 





Infusions of fat emulsion were carried out by placing the animal in an adjustable an 
mal box in an upright position. A foreleg was secured with adhesive tape and after pré 
attached to the infusion set 


paring the area for injection, the needle (No. 20 or No. 22 
was inserted into a vein on the dorsum of the leg. When the needle had been taped secure! 
in place the infusion could run for several hours without discomfort to the animal. For 
curate measurement of infusion rates we found it advantageous to use an infusion set co! 
sisting of a graduated cylinder as a reservoir, a Murphy drip bulb, and a closed system wit 
positive air pressure maintained by an attached blood pressure cuff and aneroid manomet: 
(Fig. 1). 


The composition of the various diets fed the puppies in these studies is shown in Table 
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TABLE I. COMPOSITION OF DiETS USED FOR EXPERIMEN'TS 1 AND 2 


pl ] D2 "GAINES DOG MEALt _ 


DIET (GM. % (GM. %) (GM. %) 

Casein (erude) 20 1} 0 Protein : pe 
Liver extract, Wilson’s 1-20 2 2 Ash 8.6 
Yeast, Anheuser-Busch, strain K 10 10 Fat 6.6 
Gaines Dog Meal 0 78 Fiber 2.9 
Dextrose 65 0 N.F.E. 19.6 

- ©) 

bom 


Salt mixture IV* a 0 Moisture 

*J. Biol. Chem. 138: 159, 1941. ; 

‘Manufacturer’s analysis. 

Experiment 1.—A litter of eight Labrador retriever puppies reared in this 
laboratory was weaned at 6 weeks of age and during two weeks were gradually 
transferred to diet Dl. The animals were fed ad libitum; the daily food in- 
take was measured; and nitrogen balances were determined at intervals. 

After an initial control period, four puppies (Nos. 905, 906, 907, and 909) 
were started on daily infusions of a 30 per cent coconut oil emulsion stabilized 
with a 5 per cent phosphatide preparation—Emulsion No. 35.°. Two pups, 
Nos. 904 and 908, were kept as control animals and fed ration D1 ad libitum. 

The initial infusions were given rapidly at a rate of 2 to 4 ml. per minute 
and led to two immediate toxie reactions. On the first day of infusions the 
animals showed evidence of vasomotor collapse with pale mucous membranes 
and sometimes with drowsiness and defecation. This reaction occurred after 
no more than 25 ml. of the emulsion had been given. After five to ten min- 
utes, with the infusions continuing at the initial rate, the animals recovered. 
The reaction did not reoccur on successive days. The second complication of 
immediate importance was the occurrence of vomiting and anorexia. Vomit- 
ing appeared either as a result of rapid infusion or after long-continued in- 
fusion at a slow rate. Since appetite is determined in part by calorie require- 
ment, the infusion of such a large amount of fat (10 Gm. of fat per kilogram 
of body weight) to supply calories would be expected to decrease the oral 
intake of food to the point of serious limitation of protein, vitamins, and min- 
erals. These limitations would in turn aggravate the anorexia and if con- 
tinued for any time would give rise to serious deficiency complications. When 
the limitation of oral intake became apparent (after five to seven days) the 
infusions were stopped for five days, and the animals, including the two con- 
trol pups, were transferred to a diet of Gaines Dog Meal to allow them to re- 

ain nutritional equilibrium. Infusions in the experimental animals were com- 
enced again at a rate of 3 to 5 ml. per minute but in a total quantity to sup- 
‘only 1.5 Gm. of fat per kilogram of body weight per day. This was well 
erated. After six days the quantity of emulsion infused was increased to 
(im. of fat per kilogram. At this level of infusion growth was good and the 
imals were in positive nitrogen balance while receiving approximately 20 
er cent of their calorie requirement as intravenous fat. Figs. 2, 3, 4, and 5 
'w the data on oral food consumption, infusion of fat, growth, hematologic 
ita, and nitrogen balance obtained on these four puppies. The hematologic 
ita reveal a moderate but significant fall in hemoglobin, red blood cell count, 
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Fig. 2.—Data obtained from Dog No. 905, Experiment 1—infusion of 39 per cent fat emulsior 


and hematocrit. Similar blood changes have been reported from this lal 
oratory by Collins and co-workers.’® It is of interest to note that the anemia 
produced is self-limited even though infusions continue. The data presented 
on Pup No. 909 in Fig. 5 particularly emphasizes this point. 

The puppies received 3 Gm. of fat per kilogram of body weight per da) 
for six days and then the amount of infused fat was increased to 5 Gm. o! 
fat per kilogram. At this higher level the results obtained were not so uni- 
form. Puppies 905 (Fig. 2), 906 (Fig. 3), and 907 (Fig. 4) grew well and 
remained in positive nitrogen balance, but Puppy 909 (Fig. 5) grew poor! 
and was for a time in negative nitrogen balance. After twenty-one days on 
this infusion level of 5 Gm. of fat per kilogram of body weight, Pup 909 was 
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aly 
nla again given 10 Gm. of fat per kilogram per day and continued on this regime 
i e,° » e ° . — “ . 
ted | tor an additional twenty-four days with the object of determining the effect ot 
continued large infusions of fat. At this extremely high level of fat infusion, 
lay | the blood lipid level remained high even twenty-four hours after the last in- 
oO! fusion, indieating that the infusions were surpassing the utilization and stor- 
ini- ave rates. There was occasional vomiting during or immediately after the 
and | infusions. Oral intake of food remained essentially constant for the first two 
ya veks following this high level of fat and then progressively diminished. It 
on | will be noted that there was a steady gain of weight, with an increasingly 
wis Positive nitrogen balance, until the seventy-fifth day of the experiment. After 
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Fig. 4.—Data obtained from Dog No. 907, Experiment 1—infusion of 30 per cent fat emulsior 


this time, the oral intake fell to inadequate levels, the animal became thi 
and gaunt and died on the ninety-first experimental day. Over the course o 
the experiment, this animal had received 3,030 Gm. of fat by vein. The ter 
minal rise in blood values was probably due to dehydration and hemocon 
centration. The precise cause of this dog’s death is not known, though th: 
anorexia and inadequate intake of essential nutrients were no doubt impor 
tant factors. The loss of fat tolerance as indicated by progressive abnormal! 
ity of tolerance curves may be of significance. 

The two control pups (Nos. 904 and 908) which had been maintained o: 
a diet of Gaines Dog Meal grew well, showed a normal blood picture, an: 
except for occasional respiratory infections, appeared in good health. 
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Pathology of Animals in Experiment 1: Table U indicates the relationship 
of the infusions to the time of autopsy of this group of animals. At post 
mortem the animals in Experiment 1 showed no gross changes. Microscopie ex 


amination of stained sections revealed that the lunes of animals 905 and 907, 
TABLE II, SUMMARY OF FAT INFUSIONS IN EXPERIMENT 1 


DAYS AFTER LAST 


rOTAL FAT INFUSEI INFUSION ANIMAI 
DOG DAYS INFUSED GM, SACRIFICED COMMENT 
904 0 0 Control animal 
908 0 0 Control animal 
907 22 647 IS Tolerance good 
906 26 225 110 Tolerance good 
905 33 1,466 20 Tolerance good 
909 63 3,030 5 hr. Animal died 


infused for thirty-three and twenty-two days respectively, contained occasional 
accumulations of multinucleated giant cells. These were graded 1+ according 
to the criteria previously outlined.” No granulomatous lesions were found 
Fat stains of the liver were not remarkable. The bone marrow showed a mod 
erate degree of hyperplasia. The remaining organs were normal. Animal 909 
showed evidence of terminal pneumonia with peribronchial infiltration of in 
flammatory cells, but neither granulomatous nor giant cell-containing lesions 
The control animal (No. 904) sacrificed at this time showed simi 
Infusion anima! 


were found. 
lar evidence of pulmonary infection suggesting a viral disease. 
No. 906 was not sacrificed until one hundred and ten days after the last in 
fusion. The remaining control pup (No. 908) was saerificed at that time 
Neither animal showed any evidence of histologie changes. 

Experiment 2.—With the experience of the preceding study a second ex 
periment was designed to accomplish two purposes: (1) to avoid the immedi 
ate toxic reactions and anorexia complicating the first experiment by more 
judicious adjustment of the rate and amount of infusion and composition o! 
the diet; (2) to study several metabolic functions of the animals in order to 
determine the effects of both the complete emulsion (Emulsion 35°) and the 
phosphatide emulsifier BF2° alone. 

A litter of eight mongrel puppies was placed on diet D2 (Table I) at 16 
weeks of age. The animal procedures and nitrogen collections were carried out 
as deseribed for the preceding experiment. In addition to hematologie stud 
ies, the following determinations were made at regular intervals: serum tota 
protein and albumin, serum total and free cholesterol, serum nonprotein nitro 
gen, plasma volume, bromsulfalein clearance, serum bilirubin, and plasm: 
prothrombin concentration. 

The eight animals were divided into four groups of two animals each a 
indicated in Table II. Animals I and IL were infused with a 30 per cent coc 
nut oil emulsion stabilized with 5 per cent of a phosphatide fraction (Emu 
sion 35): animals IIT and VI, with an emulsion of 3 per cent phosphatid 
fraction BF 2° without added fat; animals IV and V were not infused but we. 
pair-fed with animals I and II respectively. Animals VII and VIII serve 
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as controls, were not infused, and were fed diet D2 ad libitum. The infusions 
were given at a rate of 3 to 5 ml. per minute, and animals | and II which re- 
ceived the fat emulsion obtained a total of 2 Gm. of fat per kilogram of body 
weight per day from this source for the first two days, 3 Gm. of fat per kilo- 
eram for the next seventeen days, and 5 Gm. of fat per kilogram for the last 
twelve days. 


TABLE IIT. SuMMARY OF Fat INFUSIONS IN EXPERIMENT 2 


TIME AFTER 


TOTAL rOTAI LAST 
INFUSION COCONUT OL PHOSPHO INFUSION 
TIME INFUSED LIPID BF2 SACRIFICED 
bOG INFUSION ORAL FOOD (DAYS (GM. (GM. DAYS 
I 380% fatemul- Diet D2 ad libitum 31 1,706 171 16 
sion 
I] 80% fatemul- Diet D2 ad libitum 31 1,386 139 16 
sion 
III 38% BF2 Diet D2 ad Libitum 31 () 106 16 
VI 3% BF2 Diet D2 ad libitum on 0 142 16 
1\ i) Pair-fed with Dog 1 292 2.92 9 
| 
V 0) Pair-fed with Dog { 292 2.92 5 hr: 
I] 
VII 0 Ad libitum control 0 0 0) 0 
VITl 0) Ad libitum contro] 0) 0 0 0 


The course of this experiment is charted in Figs. 6, 7, 8, and 9. Fig. 6 
presents the data obtained on animals | and I] which were infused with the 
30 per cent of fat emulsion. The data emphasize again adjustment of appetite 
and oral food intake to maintain a constant total calorie intake. These two 
puppies grew well if not better than the ad libitum fed control animals 
animals VII and VIII, Fig. 9) although they obtained 25 to 350 per cent of 
their total calories from intravenous fat. Fig. 7 shows the data on animals 
II! and VI and it is seen that the phosphatide material BF2 alone had little, 
if any, effect upon appetite or growth. 

Nitrogen assimilation was comparable in the infused dogs with that of 
the control, noninfused animals. In sharp contrast, Dogs 1V and V, pair-fed 
with Dogs I and II, were barely able to maintain their body weight and nitro- 
gen equilibrium (Fig. 8). They were, of course, receiving fewer calories to the 
extent of the calories furnished by the parenteral fat to Puppies [and II. The 
growth curves of each pair of animals in this experiment have been averaged 
nd are all presented for comparison in Fig. 10. 

Since Puppies IV and V were behind in growth, it was decided to give 
hem large infusions of fat to see whether there would be a prompt gain in 
veight. Accordingly, on the fifty-second day of the experiment a series of 

ur infusions of a 30 per cent fat emulsion amounting to 10 Gm. of fat per 

logram of body weight were given. Unfortunately, this emulsion was pre- 
ired by a different procedure and proved to be unstable in vivo. As Figs. 8 
ud 11 indicate, it was immediately toxic. Because of the toxic reactions of 
us poor batch of emulsion, animals IV and V are excluded from the discus- 
sion of post-mortem changes. 
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Fig. 6.—Data obtained from Dogs I and II, Experiment 2—infusion of 30 per cent fat emulsio 
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&. ¥.—Data obtained from Dogs VII and VIII. Experiment 2—control animals, fed ad libitum, 
no infusion. 
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GROWTH CURVES OF PUPPIES 
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Fig. 10.—Growth curves of all animals in Experiment 2. 


Hematologic studies revealed a small but significant and selflimiting fal! 
of hemoglobin, hematocrit, and red blood count during the first two weeks of 
the infusion period. This change was of the same magnitude in the animals 
receiving the phosphatide BIF2 alone as in those receiving the fat emulsion. 
Serum bilirubin determinations during this period did not reveal evidences of 
increased blood destruction. 

Determinations of red blood cell fragility revealed consistently decreased 


resistance of the infused animals’ blood cells to hypotonie saline; this seeme 


to be caused by the phosphatide emulsifier rather than by the fat itself sinc 
the effect was no greater in the dogs receiving the coconut oil emulsion tha: 


4 


in those receiving only the phosphatide. The mechanism of this effect h: 
not been established. 
Neither the serum protein concentration nor the total circulating seru 


protein caleulated from plasma volumes was significantly altered. Seru 
albumin concentration and total circulating serum albumin were not si 
nificantly changed. The serum nonprotein nitrogen remained within norn 
limits. 
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An interesting and perhaps significant finding detected in the infused 
animals was a striking increase in the proportion of free serum cholesterol. 
This increase became significant two weeks after the start of the infusions 
and it was more marked in the animals receiving only the phosphatide 
stabilizer. One week after cessation of infusion, the ratio of free to total 


cholesterol had returned to normal. The serum cholesterol changes in Puppies 


CHOLESTEROL VARIATIONS 
IN DOGS 
AFTER INFUSION OFLIPIDS 
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Fig. 11.—Cholesterol variations in all dogs in Experiment 2; Dogs I and II infused with 30 
r cent fat emulsion, Dogs III and VI infused with phosphatide stabilizer without added fat, 
IV, V, VII, and VIII not infused. 


[IV and V, which received four infusions of a poor batch of emulsion begin- 
ng on the fifty-second day of the experiment, are of interest. A week after 
e last of these infusions the ratio of free to total cholesterol had risen from 
iormal range of 0.25-0.33, to 0.46. There was a small increase of total 
im cholesterol, and there was a prompt increase of bromsulfalein reten- 
Fig. 11 is a graphie representation of the cholesterol data. 
xcept in Dogs LY and V after they had received the unstable and toxic 
sion, the liver function, as determined by serial bromsulfalein tests, re- 
led no abnormality to correlate with the serum cholesterol. Plasma pro- 
mmbin determinations at the close of the infusion period were normal. 
The possibility of an inereased feeal exeretion of fat by the animals re- 
ing fat emulsions was considered and hence twenty-four hour stool speci- 
us were analyzed for total lipids. Table IV illustrates the fecal lipid ex- 
tion of the animals for an average period. It is seen that feeal lipids are 
t increased during the infusion of fat. Urinary studies showed that the 
ine contained insignificant amounts of lipids. 
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TABLE LV. FECAL LipiIp EXCRETION DURING FAT INFUSION IN EXPERIMENT 2 


AVERAGE 24-HOUR FECAL LIP! 


DOG INFUSION EXCRETION GM. ) 
l Fat, 5 Gm./ke. oooa 
I] Fat, 5 Gm./kg. 
II] Phosphatide, 0.5 Gm. ke. Aa 
VI Phosphatide, 0.5 Gm./kg. 
IV 0) 1.65 
V 0) 
VII 0 1.06 
VIII 0) 


Pathology of Animals in Experiment 2: The animals in Experiment 2 were 


sacrificed for post-mortem study as indicated in Table IIL. The gross appear 
ance of the organs and tissues was normal. Table V indicates the organ 
weights at autopsy. These were not unusual except for the spleens of ani 
mals Ill and VI which were significantly enlarged. Sections of the tissues 
were preserved in 10 per cent formalin for histologic study and other see 
tions of the lungs, heart muscle, liver, spleen, pancreas, and kidneys were 1 
moved and immediately frozen at ~20° C. and stored at this temperature for 


lipid analyses. 


TABLE V. ORGAN WEIGHTS OF ANIMALS IN EXPERIMENT 2 AT AUTOPSY 


INTERVAI 
AFTER 
INFUSION 
INFUSION | BEFORI LUNGS PAN KIDNE) 
MATERIAI DURATION | AUTOPSY (GM. HEART | LIVER | SPLEEN | CREAS GM. 
DOG INFUSED (DAYS) | (DAYS) I R | (GM. GM. GM. (GM. ) I 
I Fat emulsion 31 16 10 65 95 530 75 25 30 
Il Fat emulsion 31 16 5 65 115 560 65 29 37 
Itt Phosphatide 31 16 18 1 65 880 80) 20 20. 20 
fraction BF2 
VI Phosphatide 31 16 is €2 100 500 85 36 $2 
fraction BF2 
VII 0 0 0 35 52 97 385 37 32 33 
VIII 0 i) 0 37 D4 78 37 24 Zo 26 ‘ 


f. 


Microscopic examination of sections of the lungs of the infused anim: 


showed them to be normal. Sections stained with sudan IIIT revealed no | 
usual fat deposition. Sections of heart muscle were normal as were the see- 
tions of aorta. No intimal lipid deposits could be demonstrated. The thymus 
and lymph nodes were not unusual and the adrenals appeared normal. 


The spleens and livers of all infused animals showed an increase in pig- 


ment which appeared as brownish-black granules in the sinusoids and Kup 
cells. This pigment was more prominent in animals ITE and TV whieh had 
received the phosphatide stabilizer alone than in the animals reeeiving {he 
emulsion of fat. All the infused animals were found to have occasional snuill 
focal accumulations of mononuclear cells in the liver; these consisted of fou 
to ten cells negative for lipid by sudan stain. There were no multinucleated 
giant cells. There was no evidence of abnormal fat deposition in the liver. 
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The kidneys were found to be normal in all animals. The marrow, unfor- 
tunately, was not suitably fixed for adequate study. 

The histologie changes following the infusions were thus of two types 
both minimal: first, infused animals showed an increase of pigment deposition 
in the phagocytic cells of the liver and sinusoids of the spleen, and second, seat- 
tered, small, round cell infiltrations were found in the liver. 

Lipid Analysis of Organs From Animals in Experiment 2: The frozen 
tissues were thawed and two portions of each organ were dissected free of ad- 


herent tissues. One portion was weighed wet, dried in an oven at 105° C. for 


TABLE VI. Lipip CONTENT AND DISTRIBUTION IN THE VARIOUS ORGANS AFTER INFUSION 
All values expressed as grams per cent of dry weight; all values are means of duplicate 


determinations on tissues from two animals 


FAT EMULSION PHOSPHATIDE 
(30% COCONUT FRACTION CONTROLS 
ORGAN INFUSION OIL) 39% BF2 (NO INFUSION 
Liver Total lipid 13.8 13.9 Lae 
Total fatty acid 7.69 8.06 5.05 
Phospholipid 9.14 8.59 7.80 
Neutral fat 2.58 3.41 2.46 
Total cholesterol 0.74 1.02 0.45 
Free cholesterol 0.66 O83 0.30 
Ester cholesterol O.0S 0.19 O15 
Lung Total lipid to. 14.5 17.4 
Total fatty acid lko 7.42 9.45 
Phospholipid 8.79 9.04 9.90 
Neutral fat 3.01 2.16 4,02 
Total cholesterol 2.02 2.14 1.85 
Free cholesterol 0] » 02 1.85 
Ester cholesterol 0.0] 0.12 0.00 
Spleen Total lipid 10:3 6.70 10.6 
Total fatty acid 1.17 2.86 4.45 
Phospholipid 6.28 3.58 5.90 
Neutral fat 0.81 0.94 1.14 
Total cholesterol 1.50 1.29 E70 
Free cholesterol Loo 1.29 1.70 
ster cholesterol 0.00 0.00 0.00 
Heart Total lipid 13.6 12.1 18.5 
Total fatty acid 7.95 6.59 ee 
Phospholipid 9.35 8.59 9.20 
Neutral fat 2.20 1.80 5.99 
Total cholesterol 0.61 0.54 0.55 
Free cholesterol 0.52 0.54 0.45 
Ester cholesterol 0.09 0.00 0.10 
ney Total lipid 15.2 16.6 iy is" 
Total fatty acid S.78 S.1S 10.4 
Phospholipid ba ie 12.7 
Neutral fat 2.59 1.50 3.69 
Total cholesterol 1.28 Lee 155 
Free cholesterol 1.28 1.63 1.50 
Ester cholesterol 0.00 0.12 0.05 
reas Total lipid 13.6 12.9 15.2 
Total fatty acid 8.46 6.92 8.85 
Phospholipid 8.85 $.58 6.4 
Neutral fat 3.75 £.50 5.40 
Total cholesterol] 0.90 1.02 1.10 
Free cholesterol O.87 1.02 1.05 
Ester cholesterol 0.03 0.00 0.05 
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forty-eight hours to a constant weight, and the percentage dry matter caleu 
lated. Another similar portion was weighed and ground with three times its 
weight of anhydrous sodium sulfate until a fine, pink powder was obtained 
This material was air-dried, transferred quantitatively to Soxhlet thimbles 
and extracted twenty-four hours with redistilled, dry chloroform. The chloro 
form was removed and the residue dried in vacuo. The residual lipids were 
taken up in low-boiling petroleum ether and filtered through fat-free paper 
into a 100 ml. volumetric flask. The contents were then made to volume with 
ether and aliquots taken for gravimetric determination of total lipids. Ad 
ditional aliquots were taken for determination of total and free cholestero!] 
by the Schoenheimer-Sperry method'’; of phospholipids and free fatty acids 
by the titrimetiec method of Man and Gildea'’; and for determination of total 
lipid phosphorous using the method of Youngberg.’> The per cent of total 
lipids present as neutral fat was then ealeulated by difference. These data 
are summarized *n Table VI. It is seen that the total lipid content of the six 
organs examined from each animal was not significantly different in the fou 
infused animals or in the noninfused animals. The values obtained are similat 
to those reported by other workers’ for normal dogs and confirm the his 
tologic evidence which revealed no abnormal lipid deposits in the tissues. 

The livers of the four infused animals showed an increase of total choles 
terol over the controls. This increase is associated with an inerease of the 
ratio between the free to total cholesterol components. This was the only 
tissue which showed an abnormality of cholesterol content. The changes wer 
of the type already described in the plasma; the total cholesterol content. is 
increased with a marked increase in the ratio of free to ester cholesterol. As 
noted, the plasma cholesterol] ratios had returned to normal sixteen days afte! 
the last infusion. 


DISCUSSION 


The data obtained in these studies give additional support to findings 
from this laboratory that a properly prepared emulsion of triglycerides g1Vve! 
intravenously is utilized for energy requirements. The use of litters of grow 
ing puppies has proved to be a sensitive indicator of these functions. It has 
also been shown that proper selection of phosphatide stabilizers and carefu 
preparation will give a stable emulsion of fat which ean readily be infused i 
amounts up to 5 Gm. of fat per kilogram of body weight per day. This 
amount of fat represents 20 to 50 per cent of the caloric requirement of 
actively growing animal. Microscopic and chemical examination of the ti 
sues of infused animals revealed minimal cellular reaction in the livers whic 
is transient and after a few weeks leaves no apparent anatomical damage. 

Although two of the puppies in Experiment 1 showed minimal eviden 
of histologic changes which may be attributed to the emulsions infused whi 
sacrificed two to three weeks after the termination of the infusions, thes 
changes were of questionable significance. Certainly there was no eviden 
of irreversible tissue damage as the result of continued infusions of lars 
amounts of emulsion. 
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Animal 906 was found to be free of lesions four to five months later, and 
Dog 909 which had received over 3 kg. of fat intravenously in a period of 
sixty-three days showed no histologic evidence of damage when examined 
at the end of the infusion period. lurthermore, histologie data corroborate 
metabolie data indicating that the infused fat was disposed of in an orderly 
fashion and was apparently converted to energy and growth requirements. 
Kven when as much as 10 Gm. of fat per kilogram per day was infused there 
was no evidence that fat was deposited in the liver or other organs to the 
detriment of function at these sites. Chemical analysis revealed a disturbance 
of cholesterol metabolism leading to an increase of free cholesterol with a 
concomitant reduction of ester cholesterol in the plasma. A similar change 
of the cholesterol distribution and content was found in the livers of all in- 
fused animals sixteen days after the last infusion. There was no evidence of 
excessive deposition of lipids in the liver or other visceral organs. Liver 
function tests did not indieate injury to this organ other than the disturbance 
of cholesterol metabolism. A moderate anemia was consistently observed in 
the infused animals but it seemed to be self-limited and improvement was 
prompt with cessation of the infusions. Since the anemia was of equal degree 
in the animals receiving only the phosphatide stabilizer, it appeared not to be 
due directly to the fat. In many respects this anemia resembled the anemia 
of infeetion. 

The relationship of appetite to the amount of infused fat suggests that 
the oral intake is determined in part by the total caloric requirement. The 
parenteral use of fat emulsions of high calorie concentration allows a promis- 
ing approach to the problem of supplying adequate calories in a small fluid 
volume for individuals who are in ealorie deficit and unable to take sufficient 
calories by mouth. However, if calories provided by vein are sufficient to 
reduce markedly the appetite, and hence oral intake, one may soon encounter 
or aggravate complications related to an inadequate intake of protein, vita- 
uins, or minerals unless care is taken to prevent the onset of such deficiencies. 

The consistent observations that the immediate symptoms, the anemia, 

e transient liver lesions, and the disturbances of cholesterol metabolism were 
as well marked in the animals receiving the phosphatide stabilizer alone 
in the animals infused with fat emulsions suggest that despite efforts to 
prove and purify the phosphatide stabilizer this component of the emulsion 


principally responsible for any undesirable effects that were produced. 


SUMMARY 

l. Two litters of puppies were used to assay the contribution of an intra- 
ous emulsion of 30 per cent coconut oil to energy requirements. 

2. As judged by growth and nitrogen balance, growing puppies were 

to utilize up to 30 per cent of their total energy requirements supplied 
at emulsion intravenously. 

». Chemical data indicated no disturbance of plasma proteins, nonprotein 
rogen, bilirubin, or liver funetion during the infusions. 

t| A moderate normocytie anemia developed in the animals that were 
ised, regardless of whether they were infused with fat emulsion or just 
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the phosphatide stabilizer. The anemia was self-limited, responded favorably 
when the infusions were stopped, and in many respects resembled the anemia 
of infection. 

5. Histologic examination of the various visceral organs revealed 1 
abnormal lipid retention. Occasional transient, focal collections of mononu 
clear cells were seen in the liver for a few weeks after the infusions. 

6. Chemieal lipid analysis revealed no lipid retention but did indicate a 
disturbance of cholesterol metabolism, both in the plasma during infusion 


and in the livers of infused animals. 


We wish to express appreciation to the following companies who have supplied us gen 
erously with various materials used in this research: Associated Concentrates, Inc., Elmhurst, 
Long Island, N. Y.; The Upjohn Company, Kalamazoo, Mich.; Merek and Company, Ine., 
Rahway, N. J.; Research and Development Board of General Foods Corp., Hoboken, N. J.; 
Wilson Laboratories, Chicago, Ill.; Sheftield Farms Co., Ine., New York, N. Y.; Corn In 


dustries Research Foundation, New York, N. ¥Y.; and Anheuser-Busch Co., St. Louis, Mo. 


REFERENCES 


1. Mills, L. H.: Utilization of Fats and Oils Subcutaneously, Arch. Int. Med. 7: 694, 1911 

2. Koehne, M., and Mendel, L. B.: The Utilization of Fatty Oils Given Parenterally 
J. Nutrition 1: 399, 1929. 

3. Yamakawa, 8., Nomura, T., and Fujinaga: Zur Frage der Resorption des emulgierten 
Fetts von Dickdarm aus., Tohoku J. Exper. Med. 11: 265, 1929. 

4. Holt, L. E., Tidwell, H. C., and Seott, T. F. M.: The Intravenous Administration ot 
Fat; A Practical Therapeutic Procedure, J. Pediat. 6: 151, 1935. 

5. Geyer, R. P., Mann, G. V., Young, J., Kinney, T. D., and Stare, F. J.: Parenteral 
Nutrition. V. Studies on Sovbean Phosphatides as Emulsifiers for Intravenous 
Fat Emulsions, J. LAB. & CLIN. MEp. 33: 163, 1948. 

6. Hawk, P. B., Oser, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
ed, 12, 1947, The Blakiston Company, p. 562-563. 

7. Howe, P. E.: The Determination of Proteins in Blood—A Micro Method, J. Biol 
Chem. 49: 109, 1921. 

8. Koch, F. C., and MeMeekin, T. L.: A New Direct Nesslerization Micro-Kjeldahl Meth. 
and a Modification of the Nessler-Folin Reagent for Ammonia, J. Am. Chem. Sov 
46: 2066, 1924. 

% Malloy, H. T., and Evelyn, K. A.: The Determination of Bilirubin With the Photo 
electric Colorimeter, J. Piol. Chem. 119: 481, 1937. 


10. Schoenheimer, R., and Sperry, W. M.: A Micromethod for the Determination of Fre: 
and Combined Cholesterol, J. Biol. Chem. 106: 745, 1934. 
11. MeKibbin, J. M., Thayer, S., and Stare, F. J.: Choline Deficiency Studies in Dogs, 


J. Las. & CLIN. MED. 29: 1109, 1944. 

12. Campbell, H. A., Smith, A. K., Roberts, W. L., and Link, K. P.: Studies on the 
Hemorrhagic Sweet Clover Disease. II. The Bioassay of Hemorrhagie Cor 
centrates by Following the Prothrombin Level in the Plasma of Rabbit Blood, 
J. Biol. Chem. 138: 1, 1941. 

13. Hopper, J., Jr., Tabor, H., and Winkler, A. W.: Simultaneous Measurement of thi 
Blood Volume in Man and Dog by Means of Evans Blue Dye T1824 and CO 
J. Clin. Investigation 23: 628, 1944. 

14. Wintrobe, M. M.: Clinical Hematology, Philadelphia, 1942, Lea and Febiger, p. 

15. Parpart, A. K., Lorenz, D. B., Parpart, E. R., Gregg, J. R., and Chase, A. M.: TI 
Osmotic Resistance (Fragility) of Human Red Cells, J. Clin. Investigation 2¢ 
4, 1947. 

16. Collins, H. 8., Kraft, L. M., Kinney, T. D., Davidson, C. S., Young J., and Stare, F. | 
-arenteral Nutrition. III. Studies on the Tolerance of Dogs to Intravenous A 
ministration of Fat Emulsions, J. Las. & CLIN. MEb. 33: 143, 1948. 

17. Man, E. B., and Gildea, E. F.: A Modification of the Stoddard and Drury Titrimet: 
Method for the Determination of Fatty Acids in Blood Serum, J. Biol. Chem. 9! 
43, 1932. 

18. Youngberg, G. E., and Youngberg, M. V.: Phosphorus Metabolism. I. A System 
Blood Phosphorus Analysis, J. LAB. & CLIN. MED. 16: 158, 1930. 

19. Bloor, W. R.: Biochemistry of the Fatty Acids and Their Compounds, the Lipi: 
New York, 1943, Reinhold Publishing Corporation, p. 196-285. 

20. MeKibbin, J. M., Ferry, R. M., Jr., and Stare, F. J.: Parenteral Nutrition. II. TT 
Utilization of Emulsified Fat Given Intravenously, J. Clin. Investigation 2 

679, 1946, 


4 











THE BKLECTROPHORETIC: ANALYSIS OF SERUM 
PROTEINS OF THE BLOOD DYSCRASIAS 


Ray K. Brown, M.D.,* JOHN T. Reap, M.D., Bruce K. WISEMAN, M.D., 
AND WESLEY G. FRANCE, PH.D. 
COLUMBUS, OHIO 


EPORTS of the electrophoretic analysis of serum proteins in the several 

diseases involving the blood cells or their precursors are uncommon in the 
medical literature. In most instances the data presented have been recorded 
incidental to broader considerations of protein analysis or secondary to hema 
tologic and histopathologic studies. Numerous reports have been made of the 
serum protein changes in multiple myeloma and characteristic patterns have 
heen recognized.’ 2 ** However, none of these have considered the effect on the 
serum proteins of a recently suggested form of chemotherapy.’ In view of the 
close relationship of diseases of the reticulo-endothelial system® and the prob- 
able sites of formation and alteration of the serum proteins, further investiga- 
tion of the serum protein architecture of these related states appears indicated. 
In the present study the changes occurring by electrophoretic analysis of the 
serum proteins in various types of leucemia, pernicious anemia, infectious mono- 
nucleosis, polyeythemia vera, and reticulum cell sarcoma are analyzed, 

The object of this study was to learn (1) whether there is a pathognomonic 
serum protein architecture in one or more of the disease states under considera- 
tion and (2) if there is any correlation between the qualitative and quantitative 
changes observed, the related histopathology and the simpler clinical laboratory 
procedures, 

MATERIALS 

The patients used for this study were admitted to the University Hospital between 
Sept. 1, 1946, and Dee. 30, 1947. The diagnosis was established by history, physical examina 
tion, and blood and bone marrow studies using the supravital and standard Wright's staining 

liniques. Routine and indicated special laboratory procedures, including lymph node 
psy, were accomplished in each instance. 

The distribution of patients into diagnostic categories was as follows: chronic myelocytic 
wemia, three; acute myelocytic leucemia, two; chronic monocytic leucemia, two; acute 
onocytic leueemia, four; chronic lymphocytic leucemia, two; acute lymphocytie leucemia, one; 

tiple myeloma, four; reticulum cell sarcoma, one; polyeythemia vera, one; infeetious mono 
leosis, two; pernicious anemia in relapse, two. The classification of patients and the acute 
‘s or chronicity of a given case were determined by the cellular morphology of the peripheral 


“1 and bone marrow in addition to the duration of illness prior to hospitalization. 


METHODS 


All the serum analyzed was collected under sterile precautions while the patients were 
the fasting state, prior to transfusion and all but symptomatic therapy. The exception to 

rule was the second sample taken from patients with myeloma who had been treated 
From the Departments of Medicine and Chemistry, The Ohio State University, and the 
‘riing-Loving University Hospital. 

teceived for publication, Aug. 24, 1948. 

*Electrophoretic analyses. 
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with Stilbamidine. After collection the serum was refrigerated at —20° C. and the analysis 
as made after an interval of three to twenty-one days had elapsed. Aseptic technique was 
employed up to the time the serum was dialyzed preparatory to electrophoresis. 

The frozen samples were thawed and diluted from 7 volumes to 25 volumes with 0.10 
ionic strength barbiturate buffer at pH 8.6. The diluted serum was then dialyzed at a tem 
perature of 1° C, against eight to ten times its volume of buffer, thrice changed during a 72- to 
168-hour period. The dialyzed samples were then examined in a standard Klett electrophoresis 
apparatus using Longsworth’s technique.? A 2 ec. cell was employed for intervals up to 


220 minutes at potential gradients of about 5 volts per centimeter at thermostat temperatures 


of about 1.0° C. Several photographie exposures of each run were made. The conductivity 
readings for the descending mobilities were made on the sample, while those for the ascending 
mobilities were made on the buffer at 0° C, 

Mobilities were determined from three different plates and averaged for each ascen ling 
and each descending boundary. These two figures were then averaged to give the figure re 
ported, Concentrations were estimated by making enlargements from the photographie plates 
so that the new areas were from five to forty times the areas on the plates. The resulting 
areas were then traced with a planimeter four times and the results averaged. This proce 
dure was done once for each ascending and descending component. The values were then 
converted to per cent protein using An V0200/per cent, for albumin, and An .00219/per 
cent for all globulins. Unless otherwise indicated the results given are the average of the 


values from the ascending and descending boundaries. 


RESULTS 


The data from the electrophoretic patterns of the sera of the various 
disease entities are set forth in Table I. Two of the normal analyses determined 
by us are added as well as the normal limits of mobilities, approximate relative 
and absolute concentrations of the various fractions.” 

In the eroup of chronic leucemias listed, there is a qualitative deviation 
from normal in the gamma globulin boundary which migrated at a slower rate 
han would be anticipated normally. This phenomenon was observed in all 
types of ehronie leueemia and was present in the sera from the patient with 
polveythemia vera and the one with reticulum cell sarcoma. Generally the 
leucemie sera showed a decrease in the approximate absolute concentration of 

bumin. The two eases of chronie monocytic leucemia and one of the acute 
‘cases had normal albumin values. The decrease in albumin in leucemia was 
suggested by Keilhack® using the Howe technique of sodium sulfate precipitation. 
One of the patients with chronic monocytic leucemia (8a) was seen early in the 
lisease and at that time had a high normal albumin coneentration. As the 
sease progressed this value became markedly lower. 

The leucemie sera rather uniformly demonstrated a rise in the approximate 
solute and relative concentration of alpha-1 and alpha-2 globulin, The cases 
reticulum cell sarcoma and polyeythemia were slightly elevated in this moiety. 
ese globulins were within normal limits in the sera of the cases of pernicious 
emia and infeetious mononucleosis. 

The leueemie sera in general (except the chronie lymphatic) demonstrated 
ise of the approximate absolute and relative concentration of beta and gamma 
‘bulin. The sera of the chronic lymphocytie leucemias were below normal for 
inma globulin. Both eases of infectious mononucleosis demonstrated a rise in 


¢ relative and absolute values for gamma globulin. Sera from the patient 
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with reticulum cell sarcoma showed a marked rise of gemma elobulin both 
relative and absolute, and normal beta globulin. The case of polycythemia pre 
sented low values for beta and gamma globulin. The early case of chronic 
monoeytie leucemia and the acute monocytic leucemias demonstrate a rather 
marked increase in the relative gamma globulins. The cases of pernicious anemia 
were within normal limits for the approximate relative and absolute values ot 
beta and gamma globulin. The total protein concentration values of all sera 





wae. i. 


fractionated were not comparable with those determined by the routine clinica 
methods, and in all but one sample the albumin-globulin ratio was lower whet 
computed on the basis of the electrophoretic analysis. These albumin-globuli 
ratios determined by electrophoresis fall well below the accepted normal values. 
Representative schlieren patterns are shown in Fig. 1. Sera from one 0 
the patients with acute monocytic leucemia demonstrated a small spike on th: 
gamma globulin peak which we have not observed in normal subjects and whic 
was seen in previous analyses of this type of sera. (Fig. 1, A.) Fig. 1, B is 
pattern from a patient with chronic Ivmphoeytic leucemia which displays 
very low gamma globulin peak. One pattern (Fig. 1, C) from a case of mon 


eytie leucemia shows a notching of the alpha-2 peak which was present but no 





) 


») 


l 


SERUM PROTEINS 


OF 


ANALYSIS 


ELECTROPHORETIC 


S[[P0 BUISB] | y OT a 





















; ve cl’ 

S[[99 BUSH WOF SU YQQee| ET en’e 61° Fo 
S][92 Id “GC 1 1a 
S[Jo) BWUSv[_ %1C;"sw () ; sc’ 11° 
ST[9) & Atl to tens C 0a 
S][9) BUS ZoFS| SU OCS) BE FOG cs’ 9G" 
Silve Za st LG | OT’ [x8TS | 82° 
MOMMY IN ANIGINVE] 9/y V/A v/g Vv /o 

ILLS 





| NOLLVULNAONOO GAALLYV’ 








C6 OG! 


OLS 


OO'E] 


I] 





‘WUBI BAT] 
“yUVUTYRAT} 


IIV ‘di 
wOjod “Vv 










‘A]UO Sulpusosy4 
‘A[UO Sulpusosacy, 
9CF | OI d 
ie a 2 V ‘t 
Ors | SUT ad 
cl Les | 06 OU'E Vi 
LVOL} 0G'l (9'e 1 28° 0a°E ¢ 
oc’s +N] Sore RR" 62°9 V hos 
Ss a _ | et | Fon | oore | 66 | TL 
k d “v ‘o "HIN A Bs: ‘av | aSvo 








NOLLVULNAONOOD ALAIOSAV 


ATAV I, 








1528 BROWN, READ, WISEMAN, AND FRANCE 


as marked in chronic myelocytic leuceemia. Fig. 1, D is from a ease of ehroni 
myelocytic leucemia and discloses an unusual abnormality of the beta g@lobulit 
spike. 

The data from sera of patients having a confirmed diagnosis of multipl 
myeloma are presented in Table IL. The architecture before treatment and in thi 
untreated cases confirms the report by Kekwich! that there are two types 0 
abnormal patterns in myeloma, a high beta globulin peak and a high gamma 
globulin peak. There seems to be no obvious correlation that can be made 1 
garding any quantitative or qualitative changes in the peripheral blood protei 
pattern after the administration of Stilbamidine. The values are shown it 
Table II. 


DISCUSSION 


Ina studs of the changes in mobility ot the electrophoretic pattern of serum 
following experimental burns, Per!mann and co-workers'' found a new boundary 
which migrated at a slower rate than gamma globulin. Seibert’? noted a similat 
component in half of the tuberculosis cases analyzed. One analysis of 
patient with acute lymphocytic leueemia reported by Longsworth and associates 
shows a tendency to slow mobility at the gamma globulin boundary. Though ow 


4 


ceases of chronic leucemias showed this tendency to slowing, none of them dis 
plaved a separation of the peak into two parts. 

The generally lowered absolute concentration of albumin has been noted it 
various pathologic states. Leutscher,'* in his review of the subject of electro 
phoresis, points out the common occurrence of this trend and hence it cannot 
be considered as characteristic of the blood dyserasias. This deviation from 
normal has been pointed out by other authors “' in both acute lymphocytic 
and myelocytic leucemias. 

The absolute concentrations of the alpha-1 and alpha-2 globulins were 
generally increased over normal in the leucemias of this study. It has been 
stated that an increase in the alpha globulin is the first change which takes 
place in acute injury or infection.’* The fraction of alpha globulin which is 
responsible for this increase was not designated. However, it was present in the 
chronie as well as the acute leucemias of this series. The relative values 
alpha-1 and alpha-2 globulin were similarly increased. Chow!'® has shown that the 
rise of alpha globulin may be dependent on a fall of albumin, with normal values 
for the alpha globulin attained by increased protein intake and _ restitution 
Table I, 3.b, 4.e) thet 


were elevated absolute alpha globulins, the albumin fraction being wit! 


the albumin fraction. However, in several of our cases 


normal limits. Furthermore, in one case of chronic Iymphoeyvtie leucemia 
administration of 50 Gm. of serum albumin daily for a period of fourteen days 
restored the albumin to normal levels and only slightly altered the alpha-l 
globulin. However, the alpha-2 globulin approximated normal and the gam! 
globulin content remained essentially the same. In one case of chronie my 
eytic leucemia, placing the patient on a high protein diet supplemented w 
protein hydrolysates did not restore the albumin fraction or alter the alp 
globulins appreciably even though all liver function studies were within norn 


limits. 
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A relative elevation of the gamma globulin is said to be a phenomena ob- 
served in the chronie state of disease and injury.’ Our data would tend to 
support this, though the aberration was prominent in some acute cases and ab- 
sent in a few of the chronic ones. 

Both cases of chronic lymphocytic leucemia present a low value for both 
relative and absolute gamma globulin. Howell'’ noted that leucemic individuals 
do not respond normally to infection or to injected antigens. Krebs'* noted 
diminished value of gamma globulin in simple malnutrition. One patient with 
chronic lymphocytic leucemia given a series of injections intravenously of ty- 
phoid vaccine did not develop antibodies as shown by the Widal test which 
remained negative. The administration of extract of the adrenal cortex did not 
alter the antibody response or the electrophoretic pattern. Repetition of this 
experiment after restitution of the albumin fraction did not influence the gamma 
globulin. Blood volume determinations'® prior to and following the administra- 
tion of extract of the adrenal cortex demonstrated a moderate increase and this 
factor was taken into account in the latter determination. It is possible how- 
ever that the pituitary adrenotrophic hormone may be involved in the gamma 
vlobulin component as Dougherty and White have pointed out in individuals 
with normal lymphoevtes.*" 

In the cases of monoeytic leucemia and reticulum cell sarcoma, marked 
elevation of absolute and relative gamma globulins is seen. The explanation 
for this rise is obscure but may be related to the similarity of the fundamental 
histopathologic defect in both entities, the reticulum cell and the monoblast 
heing closely related in the polyphyletic tree.*! 

Both patients with infectious mononucleosis had elevated absolute and 
relative gamma globulin values and moderate diminution of the albumin frae- 
tion. The heterophile antibody was strongly positive in both cases. Although 
the etiology of this disease is unknown,?? much evidence has been submitted? 
demonstrating the widespread involvement of the reticulo-endothelial system and 
other organ systems which could account for the deviation of the protein 
pattern from normal. The eases of pernicious anemia in relapse both demon- 
strated normal albumin values and normal globulin fractions. As would be ex- 
pected from the approximate relative or absolute increase of the various globu- 
lin fractions, the albumin-globulin ratio was consistently decreased, often to 
subnormal levels and even less than 1.0. All were below the range within which 
68 per cent of the normal cases should fall, and most were not within the limits 

hich includes 94.5 per cent of normal subjects.” 

In Table IIT there is a comparison of the electrophoretic protein deter- 
minations and the results of the elinical laboratory procedures performed in 
ihe respective disease entities. The routine laboratory protein determinations 
vere not comparable to the total protein or A/G ratios as determined electro- 
horetically. The latter technique in most instances gave uniformly lower 
atios than those obtained by the routine clinical laboratory methods. Nitske 
ind Cohen** recently have demonstrated the inadequacy of the routine total 
protein determinations in eases of Hodgkin’s disease and leucemia. These 
authors, utilizing a methyl aleohol fractionation technique, demonstrated lower 
albumin and elevated globulins by this method than by the usual clinical methods. 
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The correlation of the changes in protein architecture and the varied clinica! 
laboratory procedures are particularly difficult to evaluate as the primary dis 
ease process, and many secondary effects of the disease may alter each determina 
tion. The albumin-globulin ratio or total protein determination did not beat 
any consistent relationship to the other procedures. The basal metabolic rat 
and the urie acid determinations were more consistently involved or altered in 
the leucemic state. These two determinations have been repeatedly investigated 
in this condition and are assumed to be elevated by increased protein catabolism 
and the breakdown of leucocytes.°° The cephalin flocculation and thymol tu 
bidity tests were markedly elevated and the prothrombin time diminished when 
the exeretory tests of liver function showed alteration. The thymol turbidity 
and cephalin flocculation tests in low titers bore no constant relationship. to 
an abnormal A/G ratio and their aberrations may be explained in part by the 
occurrence of abnormal amounts of beta ‘and gamma globulin in the sera. Cohen 
has demonstrated by electrophoretic studies the relationship between the thymo! 
turbidity test and the beta globulins. The cephalin flocculation test is also 
reported by this author to be more closely parallel to increases of gamma globulin 

The degree of infiltration of the bone marrow by leucemic cells was dete) 
mined by performing four differential counts of 200 myeloid cells eaeh and 
averaging the results. By this gross determination the degree of infiltration 
appeared to reflect itself in a lower A/G ratio by the electrophoretic technique 
No correlation between the small numbers of plasma cells in the bone marrow, 
lvmph nodes, or autopsy specimens and the protein architecture was noted. 

Investigation of myeloma serum by electrophoresis has been as thorough 
as that of any single disease, and its schlieren patterns can be as nearly pathoeg 
nomoni¢ as those seen in any morbid state. As stated, our results confirm those 
in the literature which refer to two abnormal types of myeloma patterns, on 
with a marked increase in the area of the beta globulin (cases 1 and 3) and thi 
other with the major protein increase in the gamma globulin fraction (cases 
2 and 4). In treated patients, the one with the beta elevation prior to treat 
ment showed an increase in this fraction following therapy. In the gamma ty} 
no consistent effect of Stilbamidine on the protein architecture was observed 
No significant changes were noted in the peripheral blood or bone marrow that 


could be aseribed to the therapy. 
SUMMARY 


The electrophoretic patterns of various blood dyserasias are presented. Thi 
leucemic states are associated with a diminution in the approximate absolut: 
amount of albumin and a rise in the absolute amount of globulin. The albumin 
globulin ratios fall below the limits of normal in most instances. The alpha 
and alpha-2 globulin are increased in most instances and the increase is note 
with both normal and diminished total albumin values. Gamma globulin values 
both absolute and relative, were elevated in monocytic leucemia, reticulum ce! 
sarcoma, and infectious mononucleosis. Chronie lymphocytic leucemia demon 
strated low relative and absolute gamma globulin values. A markedly lowere: 
albumin-globulin ratio appears related to the degree of infiltration of the bon 
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irrow by leucemic cells as well as when the excretory and metabolic functions 


the liver demonstrate impairment. No alteration in the serum protein archi- 


tecture was noted following Stilbamidine therapy. 


ay 


The authors wish to express their appreciation to Dr. Quentin Van Winkle, Ph.D., 


‘partment of Chemistry, Ohio State University, for his assistance in the preparation of the 


alytical data. 
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ELECTROLYTE PARTITION IN PATIENTS WITHL EDEMA OF 
VARIOUS ORIGINS 


QUALITATIVE AND QUANTITATIVE DEFINITION OF CATIONS AND ANIONS IN 
(CARDIAC DECOMPENSATION 


Kkprirn B. FarNswortuH, M.D., AND JACOBS. KRAKUSIN, M.S. 


CHIcaGco, ILL. 
WITH THE TECHNICAL ASSISTANCE OF LORA BELLE IlUGHES, B.A., M.T. (ASCP 


IIE role of the kidneys in the production of edema has been examined by 

various groups of investigators’ as methods for the study of renal physi 
ology have been developed. Although agreement has not been general con 
cerning the sequence of events transpiring in the kidneys during the aecumu 
lation in the tissues of edema fluid, it is at least conceded that such events 
do transpire and that salt and water are not simply diffusing across the 
capillary membrane in response to an elevation of hydrostatic pressure, but are 
being incompletely excreted by the kidney. This concept is by no means 
novel, and appears in standard texts of a decade or two ago.” Further ¢elarifi 
cation, however, has been delayed by the difficulties, inherent in the study ot 
renal physiology in man, of establishing values for filtration rate sufficiently 
accurate to serve as a basis for the calculation of reabsorbed substances. The 
volume of plasma worked by the kidneys in a given period of time is so large 
and the defect in salt and water excretion capable of leading to edema is rela 
tively so small, that the significant increment tends to be lost in the physi 
ologie variations of the inulin or mannitol clearances as we are able to de 
termine them at the bedside. Thus, if the clearance of inulin is found to vary 
only to the extent of plus or minus 5 or 10 ¢.¢. per ininute, that range of error, 
or physiologic variation, is so large in relation to the few cubie centimeters o| 
water or fractions of milliequivalents of sodium which represent the retention 
characteristic of cardiac decompensation, that physiology described in these 
terms must be accepted with reserves. Even more inaccessible to the elinica 
investigator are determinations capable of yielding conclusive information con 
cerning the factors governing diffusion and active reabsorption in proxima 
and distal tubules and the stimuli which may modify these processes in diseas¢ 
states. 

Bearing in mind these limitations, we have chosen to review in detai 
the alterations in urine electrolytes earlier reported in group studies’ confine: 
to sodium and chloride. The depression of urinary sodium-chloride ratio it 
cardiac failure appeared to be a constant finding implying a higher degree o 
specific selective tubular reabsorption than has been generally recognized 
Through a more complete delineation of relationships, with varying electrolyt: 
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loads, it was our purpose to define the variation of electrolyte patterns and 
fluid balance with sufficient accuracy and completeness as to bring out charae- 
teristics tending toward a recognition of possible causal agents. In adopting 
an approach similar to that of Gamble’ we were able to avail ourselves of ae 
cepted data pertaining to the normal state. 

METHODS 


The two subjects selected for this study were suffering from rheumatic heart disease 
th congestive failure. EK. W. was a 36-year-old woman with mitral stenosis and insufficiency, 
vho was hospitalized in congestive failure. She was discharged improved after the experimental 
period but was twice rehospitalized during the subsequent six months because of fluid reten 
tion, W. S. was a 28-year-old man who was first seen in the elinie and hospitalized because of 
advanced rheumatic heart disease with congestive failure. He was discharged improved after 
the reported period of study and treatment but was later admitted to a veteran’s hospital 
in terminal condition, The autopsy report indicated rheumatic involvement of the aortic and 
mitral valves, cardiae cirrhosis, and pulmonary infarction. 
Both patients were kept at bed rest for the first fortnight of their hospital stay, after 


ich they were permitted to move about the wards as they wished. Both were allowed fluids 


1 libitum and both were given a low-salt, acid ash diet. The estimated electrolyte content 


al 


ort 


ie diet, in millimols per day, was: 


Sodium 17-64 (average 44 
Potassium 103 
Caleium 13 
Magnesium 12 
Iron } 
Phosphorus 63 
Sulfur 32 
Chloride 13-46 (average 30) 


Urine specimens were collected under toluene and were kept refrigerated throughout the 
llection period. pil was determined on the samples as soon as they were received in the 
oratory. If ammonia and phosphate determinations could not be carried out immediately, 


uot samples were frozen in solid carbon dioxide and were maintained at -70° in a Dewar 


isk until ready for use. 
Analytic procedures used in the determination of ionie constituents were for the most 


as recommended by Peters and Van Slyke.8 All determinations were performed in dupli 


te or triplicate . 
Sodium.—Gravimetric method of Butler and Tuthill. Some of the gravimetric urinary 


um values were checked, using a colorimetrie adaptation of this procedure, 


toad 


Potassium.—Gravimetrie procedure of Freeman and Burrill.® 


Calcium.—Microtitration by the method of Tisdall and Kramer, 
Vagnesium, Precipitation according to the method of Simonsen, Westover, and Wert 
Color development, however, was by the phospho-molybdate technique of Gomori,!! 

{mmonia.—Determination was by nesslerization following aeration from alkaline solu 
as in the method of Folin and Farmer.!2 

Chloride.—Modified Volhard-Harvey titration. In many instances, especially when pro 
Was present, these were checked by the Van Slyke-Hiller!s modification of Sendroy’s 
metric procedure, 

Phosphate-—The method of Gomori!! was used after decolorization and dilution. Milli 
ms phosphorus were converted to milliequivalents phosphate ( HPO: ) by use of the appropri 
actor as indieated by the pH of the sample. 

Tnorganic Sulfate.—Turbidimetrie measurement of the barium sulfate precipitate.14 This 


lmittedly a comparatively crude method but it gave satisfactory results and recoveries. 


*Recently reported deceased at home. 
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Organic Acids.—Total twenty-four hour excretion was calculated from aliquots titrated 
according to Van Slyke and Palmer, Creatine and creatinine were removed by shaking with 
Lloyd’s reagent as recommended by Greenwald.15 Titration was carried out between pH 8.0 
7, using a glass electrode for determination of end points. Correction for the ex 


and Ze 
of some of the acid in the free form as reeommended by Gamble? was not made because 


istence ¢ 
titration curves indicated such a multiplicity of constituents that it was impossible to estimate 
which was the predominant acid. 

Filtration rates and effective renal plasma flow were determined by the clearances of 
nannitol and sodium para-amino-hippurate. Analytic procedures were those of Corcoran and 
Pagel6 and H. W. Smith and associates.17 

Serum electrolyte determinations were made by adaptations of the methods already 


deseribed for urine. 








y-— NH, Cl | CaCl, [ NH, NO; [Hg] 
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Fig. 1.—E. W.: electrolyte and water excretion with diuretics. 


RESULTS 

During control periods as throughout the administration of diuretics, 

dium was consistently low both in relation to intake, total ionic coneentra- 
ion, and to chloride. 

Other electrolytes showed no significant variation. E. W. maintained a 

nsistently higher level of calcium output than did W. S., a finding consistent 

vith previous observations that individual levels tend to be constant though 


ariable from subject to subject. 
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Of the mineral diuretics administered, ammonium chloride, potassiun 
chloride, and potassium acetate appeared to be most effective as diuretic 


agents. It is notable that the maximum effect of each of these substances 


was reached around the third day of therapy, after which both fluid and electro 
lyte values declined toward control levels. For example (Fig. 2), on May 25 
the urine volume had risen from 1,590 to 2,230 ¢.¢. with an almost identiea! 
intake, and the sodium and chloride, respectively, from 5 to 75 meq. and 34 
to 160 meq. After this diureti¢ peak, the output of salt and water declined 


notwithstanding the continuation of the same medieation. 














Fig. 2.—W. S.: electrolyte and water excretion with diuretics. 


Although minor responses in the sodium output were found with a: 
monium chloride, potassium chloride, and potassium acetate (Figs. 1 and 2 
the daily output tended to remain at a level far below normal values on vary 
ing salt intakes.” ! 

Certain findings peculiar to the specific diuretics are notable. Caleium 
excretion is distinctly increased with ammonium chloride; thus W. S. (Table 
Il) on May 50 showed a calcium value of 11.5 meq., with 5.9 meq. before tlie 
beginning of the drug. Potassium acetate was effective in inereasing water 
output, but the urine resulting from its administration was poor in sodium and 
chloride. As previously reported,”’ a prompt and sustained alkalinizing eff 


was demonstrated. 
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Mercurial diuresis in W. S. resulted in a sodium value of 197 meq., with 
a chloride of 159 ineq., giving a ratio of 1.2. In the case of E. W., the increase 
in sodium exeretion was substantial but not sufficient to approach a normal 
ratio with the chloride. In one instance (W. 8S.) the discrepancy between 
sodium and chloride appeared to be compensated by a threefold inerease in 
phosphate excretion. Other electrolytes were unaffected. 

Filtration rates and effective renal plasma flow are given in Table III 
The filtration rate in the case of KE. W. was within normal limits before and 
throughout the period of this study. That of W.S.. was reduced to approx 
imately 50 per cent of normal. This marked disparity in filtering power was 


accepted as a desirable qualification in the selection of these subjects. 


TABLE III 
FILTRATION RATI EFFECTIVE RENAL PLASMA FLOW 
PATIENT ML./MIN. ML./MIN. 
KE. W. 119 534 
W.S. 56+ 3034 


*Average of twelve determinations 
fAverage of three determinations 


DISCUSSION 


The choice of total quantitation of individual electrolytes as an approach 
to the evaluation of the kidney in edema formation appeared to offer several 
manifest advantages. If, indeed, the impression of various workers is correct 
that the kidney is implicated in the events leading to fluid retention, possibly 
in a prime role, then it should be determinable whether such intervention 
derives from the process of filtration or of reabsorption, and whether it is 
autonomous or responsible to some other agent. 

Assuming that the serum sodium values* represent unbound sodium in 
these patients as in the normal, then the sodium filtered daily may be readily 
calculated and will be found to average 22,381 meq. in the case of E.W., and 
9,438 meq. in that of W. S.t Comparison of these values with the approximat: 
intake daily of 44 milliequivalents shows a disparity so impressive as to dis 
courage the attempt to relate failure of excretion to failure of filtration sinc 
the latter function has with respect to the major tissue electrolytes such a wid 
margin of safety. The effective renal blood flow is seen to be within norma 
in K. W. and reduced by approximately 50 per cent in W. S.; it is evident 
that renal impairment as indicated by a reduced filtration rate and blood flow 
is not invariably associated with cardiac decompensation. 

It is likewise noteworthy that impairment of the kidney would be ex 
pected to diminish renal working capacity. The demonstrated reabsorptio: 
of excess quantities of sodium, hence performance of increased osmeotie work 
indicates the reverse situation. It seems plausible to hypothesize, therefor 

*Plasma sodium and chloride concentrations for E. W. were 139 meq. and 102 meq. 


spectively. Those for W. S. at time of discharge were 119 meq. and 107 meq. The low sodiu 
level in the latter case may have been associated with the existing secondary cirrhosis. 


‘Filtration rate (ml./min.) & serum Nat (meq./ml.) & 1440 meq./24 hours 
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that the stimulus to the excessive reabsorption of sodium is specific and that 
it depends upon physiologie factors, chemical or humoral, rather than upon an 
injured or invalid kidney. 

The behavior of sodium with the administration of mineral diureties as in- 
dicated in Tables | and IL is predictable in terms of primary response: W. S. 
is seen to Increase urine output somewhat and, concomitantly, sodium output 
with potassium chloride, ammonium chloride, and potassium acetate. With 
the first two substances in particular, the sodium increase is many times 
ereater than that of water, and, notwithstanding the administration of the 
chloride salt, the chloride output is less sharply increased than is the sodium. 
In no case did the diuretic effect last more than two to four days, although the 
medication was continued for several more days. 

The brief duration of diuresis is an observation of clinical importance 
as well as physiologic interest. If potassium chloride, for example, is capable 
of augmenting the urine volume for so short an interval of time, it could well 
be argued that a rotation of mineral salts might be adopted in the manage- 
ment of chronie cardiac decompensation. 

In both patients the administration of a mercurial diuretic resulted in a 
urine output of approximately twice that of the control levels, but the increase 
in sodium output was even more marked. The release of salt and water by 
mercurial preparations is by no means a novel observation, but the absence of 
significant changes in other electrolytes is a matter of considerable theoretic 
interest. If the augmented absorption of sodium and, to a lesser degree, chlo- 
ride were a function of a factor so nonspecifie as renal blood flow, it is diffi- 
cult to conceive of that factor as being abolished by the administration of 
mereury, to which a marked stimulation of renal circulation eould hardly be 
attributed.”? 

Turning now to the exeretion of potassium as shown in Tables I and IT, 
nly minor fluetuations are observed which, with those of ammonia, probably 
efleet shifts in ecation-anion balance. A powerfully alkalinizing effect is noted 

the urine under the influence of potassium acetate, a result which serves a 
seful purpose in ¢linieal practice where alkalinization by sodium salts might 
e undesirable. It is also of interest that when the potassium intake is ele- 
ted by the ingestion of 100 millimols of potassium salt, a positive balance is 

established and a considerable portion of the element is held in the body. 

The values for ammonia in the urine show the normal response to the in- 

stion of ammonium chloride. As in Gamble,’ Chart 29, an elevation follows 

t of chloride and is prolonged beyond the chloride. A tendency to inverse 
oportionality with sodium and potassium can be traced, compatible with the 
ssical theory of ammonia as a sparer of fixed base. This interpretation be- 
ies Open to question in the study of hepatie cirrhosis presented in the fol- 
ving paper. Organie acids found in the urine underwent virtually no 
inges throughout the period of the experiments. The urine calcium, mag- 

esium, sulfate, and phosphate offer no particular grounds for discussion 
(hin the framework of the present study. 
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The described shifts in electrolyte components should be considered as 
metabolic renal function tests. As such they reveal no suggestion of rena! 
incompetence. The probability is strong, therefore, that a kidney which is 
able to maintain acid-base balance, preserve blood levels, and synthesize am 
monia, is retaining sodium in response to factors aeting upon it and not 
through incompetence. 

Considering now the situation in terms of fluid compartments, the elin 
ically visible increase in extracellular volume characteristic of cardiac de 
compensation is analogous to the situation deseribed by Stewart and Rourke 
in which large infusions of isotonie sodium chloride are given daily for four 
days and the extracellular fluid is thus increased by approximately 80 pei 
cent of the original volume. Examining the data reported by these investi 
gators, we find that at the end of three days the positive fluid balance has 
been reversed and the urine output exceeds the water intake by almost | 
liter. The sum of the excreted sodium and chloride liberally exceeds the in 
take after the first twelve-hour period, and the ratio of sodium to chloride in 
the urine never drops below 0.89. The plasma values are not extraordinary. 
If it is objected that the increased venous pressure present in cardiae decom 
pensation could not have operated in Stewart’s normal subject, it might be 
pointed out that this situation was well simulated by the forced increase in 
plasma volume resulting from the daily administration of 6 to 7 liters of 0.9 
per cent sodium chloride. If we may then concede that the cases are com 
parable with respect to the fluid compartments, we are in a position to appreci 
ate the disturbance in excretory water and electrolyte pattern revealed in the 
decompensated state. It appears evident either that the normal pituitary 
control of fluid volumes and electrolyte concentrations is defective in the 
cardiac patient or that the kidney is not able to respond normally to such 
control. 

With respect to the second possibility, namely, tubular decompensation 
with respect to electrolyte control, the output of individual ions other than 
sodium, and to a lesser degree chloride, shows no renal defeet, and the 1 
sponses to sharp alterations of ionie load and acid base balance indicate no 
deviation from normal behavior (Gamble, Charts 29-30). The data here pr 
sented might be summarized, then, by the hypothesis that the condition o! 
heart failure with edema consists of a gross enlargement of the extracellula: 
fluid volume, which enlargement somehow fails to elicit the normal hemostatic 
factors acting on renal tubules. The tubules are behaving, in faet, as norm: 
tubules in the presence of a decreased extracellular fluid volume. 


SUMMARY AND CONCLUSIONS 
Two patients with rheumatie heart disease and congestive failure were 
studied for a period of three to four weeks by quantitative analysis of a 
urine electrolytes. The determinations were carried on daily, and the effects 
of various diuretic salts were evaluated in terms of fluid balanee and uri! 
electrolyte pattern. 
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Estimations of renal filtration rate and blood flow were made by the elear- 
ance of mannitol and PAH. In one patient both the filtration rate and the 
effective blood flow were reduced to approximately 50 per cent of normal. In 
the second, both funetions remained well within normal range. 

The urine electrolyte pattern of patients in heart failure revealed a con- 
stant and specific characteristic, namely, an absolute reduction in sodium 
excreted, with a resulting diminution in the ratio of sodium to chloride. 

The reduction in the sodium-chloride ratio was not associated with any 
other constant disturbance in electrolyte excretion. 

Various mineral salts were effective in promoting diuresis, but this effect 
was of brief duration. Outputs of water and sodium which approximate the 
control levels were obtained in spite of the continued administration of the 
diuretic. 

Administration of a mercurial diuretic tended to abolish sodium retention 
and to inerease sodium exeretion to a much greater degree than it did that of 
water. 

In eardiae edema the glomerular filtration rate may be reduced or it may 
be maintained within normal limits. 

It is proposed that the selective activities described by the data are evi- 
dence of normal response by the renal tubules to disturbances involving the 
regulation of fluid compartments. 


We wish to express our sincere appreciation to Professor C. J. Farmer for his generous 
support and advice in this study. 
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ELECTROLYTE PARTITION IN PATIENTS WITH EDEMA 
OF VARIOUS ORIGINS 


(QUALITATIVE AND QUANTITATIVE DEFINITION OF CATIONS AND ANIONS 
IN HEPATIC CIRRHOSIS 
KkpirH B. FARNSWORTH, M.D., AND JACOB S. KRAKUSIN, M.S. 


CHICAGO, ILL. 


WITH THE TECHNICAL ASSISTANCE OF LORA BELLE HUGHES, B.A., M.T. (ASCP) 


W" HAVE previously indicated the probability of sodium retention of a 
specific nature occurring in congestive failure and to an even greater 
degree in hepatic cirrhosis.'. With respect to eardiae failure we have deseribed 
the renal dynamics of salt and water retention in terms of the clearances of 
mannitol and PAH and the quantitative evaluation of urine electrolytes. An 
abnormal urinary electrolyte pattern was demonstrated which was characterized 
by sodium retention and a reduction in the ratio of sodium to chloride.2 The 
purpose of this report is to demonstrate the qualitatively similar but quanti- 
tatively even greater retention of sodium, and to some extent of chloride, in 
hepatie cirrhosis, 
METHODS 


Two patients were selected in whom the clinical diagnosis of Laénnee’s cirrhosis was 


supported by liver biopsy. Both were men, 52 and 54 years of age, respectively ; jaundice 
was moderate and ascites was massive. After several days on a general diet, the patients 


were placed on a diet containing a maximum of 1.5 Gm. daily of sodium chloride. Mineral 


and mercurial diuretics were administered as indicated in Tables I and Il. Paracentesis 


vas done once or twice on each patient, and the electrolyte concentration of the ascitic 

luid was determined. The cation-anion balance was quantitatively itemized from daily twenty 

four hour collections of urine which were preserved under toluene and refrigerated. Analytic 
ethods employed in the determination of ammonia, magnesium, calcium, chloride, phosphate, 
Ifate, and organic acids are described in the preceding paper.2 Sodium and potassium 
lues were determined by the Beckman flame photometer. 

A few data were included from a third patient, B. G., of the same sex and age group, 
vhom complete collections were difficult because of incontinence and illiteracy. The urine 
ies are therefore scattered. The data are included because of the more regular blood 

es available. 


RESULTS 

The excretion of sodium was found to be exceedingly low with all dietary 
is. The urinary suppression of sodium, regardless of daily salt ingested, 
even more refractory to diuretic treatment in these patients than in the 
ents in congestive failure reported in the foregoing paper. 

‘luid output was also consistently low, and the administration of mercurial 
veties resulted only rarely in a slight diminution in body weight, in contrast 
the effeet in heart failure. 


From the Departments of Medicine and Chemistry, Northwestern University School of 
ne, 
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Chloride output was also exceedingly low and tended to be lower than in 
heart failure. With relation to sodium output, however, the diminution was 
less extreme, hence the sodium-chloride ratio remained lower than in normal 
subjects or in congestive failure. The use of mereurial diuretics caused a 
greater chloride than sodium excretion. This increase in chloride output was 
in turn frequently associated with an increase in urine potassium. 

The excretion of ammonia in response to the administration of ammonium 
chloride was very different in the two subjects: D. E. showed the typical de 
layed but protracted increase in urine ammonia (Gamble, Chart 29),° and J. 8. 
appeared unable to svnthesize ammonia. 

Administration of potassium acetate, 100 meq. daily, was associated with 
a low ammonia output, in the cirrhotic subjects as in the cardiae patient to whom 
the medication was given. 

Sulfate excretion tended to be low, a finding which is presumably to bi 
correlated with interference with metabolism of sulphur containing amino acids 
in the liver. 

The excretions of calcium and magnesium were variable in both patients. 
The determinant of these variations appeared to be chloride rather than phos 
phate excretion. 

DISCUSSION 

Qn inspection the data resemble rather closely those derived from the pa 
tients in cardiac failure presented in the preceding paper. The initial contro! 
periods, without dietary restriction of salt, indicate a retention of sodium, 
chloride, and water. These positive balances persist notwithstanding the im 
position of electrolyte loads by mineral diuretic medication and in spite of thi 
frequent administration of mercurial diuretics. These facts parallel the findings 
in congestive failure, and establish the fact that in Laénnec’s cirrhosis sodium 
retention rather than hypoproteinemia is a major determinant of ascites and 
edema. Here again, in cirrhosis as in cardiae failure, the pattern is not on 
solely of filtration of plasma water and electrolytes through the capillary wall 
but a more complicated sequence in which the reabsorptive activity of the rena 
tubules plays a substantial part. As in the eardiae subject, the primary 01 
secondary order of such renal participation becomes a concern of fundamenta 
importance. 

While the retention of salt and water lends similarity to the two entities 
certain sharp differences appear. First, the urinary sodium concentrations ten 
to be lower in our three patients with cirrhosis than in congestive failure; indeed 
during the control period on a general diet all patients showed a total absen: 
of sodium when the gravimetric procedure was attempted on unconecentrat« 
urine. Although the absolute chloride content was also markedly reduced, 
was still high enough to yield a sodium-ehloride ratio which was decided! 
lower than those found in cardiae patients. The response to mercurial diureti: 
indicates a more striking divergence. Figs. 1 and 2 show only minimal vari 
tions in urine volume during the administration on alternate days of Mere 
hvydrin, and the body weight appears to be unaffected by medical diureti: 
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excretion of sodium is mildly augmented by mereury, but, contrary to 
erience with patients in heart failure, the effect on chloride is consistently 
re marked, and hence the ratio sodium-chloride is not restored to normal 
time, These observations pose several questions: firstly, are they the results 
heompetent kidneys; second, are they due to abnormalities of electrolyte 
entration in one or all of the fluid compartments 

With respect to the functional integrity of the kidneys, the clearance rates 
annitol and PAH are given in Table I!L along with the blood chemistry 
es. Although substantially below the normal, they can hardly be taken to 
icate renal decompensation. The fluctuation of urine values of ammonia in 
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sodium in response 
Attention should 


tests and offer evidence that the kidneys are not in default. 
be called parenthetically to the differences in the two records toward the end 
of the experimental period. ID. EK. tolerated the ammonium chloride, 220 meq 
daily, for five days, and underwent a dramatic diuresis of electrolytes; whereas 
J.S. became comatose after three days on similar amounts of ammonium chlorid 


and the medication was discontinued when the plasma CO, reached 17 meq. 
per liter. Although the urine pH of this patient did not decrease below that o! 
D. E. under the same conditions, J. S. appeared to be unable to synthesize 
ammonia and continued to put out a small volume of urine, poor in electrolytes, 
in spite of clearance values almost identical with those of D. KE. The reason to: 
this discrepancy is probably to be found in the poor nutritional condition ai 


extreme anorexia which characterized his hospital course, in contradistinetii 


{ 
‘ 


to D. E. who ate heartily throughout the period of observation, 
The second question which we have proposed concerns the volume ai 
electrolyte composition of the fluid compartments in cirrhosis. In our experience 
patients with cirrhosis have shown normal or only slightly lowered plas 
sodium while on a general diet; reduction in intake has resulted, in several insti 
in markedly reduced levels. At all plasma concentrations, however, | 
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urine exeretion of sodium was almost entirely suppressed. The data given in 
Tables IIT and IV show normal concentrations in plasma and ascitic fluid of 
sodium, potassium and chloride in the case of D. E., with similar values for J.S. 
with the exception of the plasma sodium of 124 meq, Plasma sodium values for 
B. G. declined from 141 meq. on a free diet to 120 meq. on a low-sodium diet. 
At those two levels the urine output of sodium was 0.1 meg. and 0.4 meq. re 
spectively. The volume of the extracellular fluid compartment, however, was 
erossly enlarged, as evidenced by the massive dependent edema as well as 
ascites of all patients. Here again a situation exists whieh would normally 
elicit a spontaneous diuresis, since it is the major function of the renal excretory 
mechanism to defend not only the concentration but the volume of the extra 
cellular fluid. With respect to salt and water, then, the kidneys are behaving 
as if the body were dehydrated. The paradox is essentially the same as was 
found to exist in the state of heart failure, only to a more marked degree. 

The findings which we have deseribed support the impression expressed by 
recent investigators’ °° that abnormalities in water distribution in cirrhosis 
cannot be accounted for solely on the basis of plasma protein defieieney and 


diminished eolloid osmotie pressure. 


CONCLUSIONS 


The urinary electrolyte pattern in hepatic cirrhosis is similar to that im 
eardiae failure. The renal retention of salt and water, long recognized in heart 
failure, is present to a more marked degree in hepatic cirrhosis. 
As in heart failure, the mannitol and PAT clearances may be somewhat 
reduced, but the metabolic functions of the kidneys are essentially unaffected, 
and other urinary electrolytes exhibit the normal responses to variation in 
electrolyte intake. 
Water and salt diuresis was minimal after administration of mereurial 
ureties. One instance is shown, however, in which a lavish diuresis of eleetro- 
tes was initiated by Mereuhydrin. 
In addition to the hydrostatic factors operating in cirrhosis, the genesis of 
ma and ascites in this condition is also attributable to a retention of sodium 

water. This urinary suppression of sodium is independent of the plasma 
‘ontration, Since the competence of the kidneys has been demonstrated by 
rance determinations of mannitol and PATEL as well as by quantitation of 

e electrolytes, the hypothesis is suggested that the stimulus to salt and water 

ition is specifie and that the same stimulus is probably acting in both 
ANCES, 
We extend our warm thanks to Dr. A, C, Corcoran for his help in the preparation 
S paper. 
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ON THE EFFICACY AND SAFETY OF GLYCINE ADMINISTERED 
BY VEIN 


(JEORGE EF. COLLENTINE, JR.. B.S., M.D. 
MILWAUKEE, WIs. 


Hk current rapidly increasing use of amino acid preparations by the intra- 

venous route has suggested a more specific study of certain effects of the 
simplest of these compounds, glycine, when administered by this method. Al- 
though not a significant constituent of the available commercial products, since 
these are principally acid or enzymie hydrolysates of casein, which contains 
little g@lveine, this amino acid deserves consideration. 

Because it is readily synthesized in apparently adequate amounts by the 
normal human body, glveine falls into the elassification of ‘‘nonessential’’ 
amino acids—a connotation unfortunately accepted by many to be synony- 
mous with ‘‘unimportant,’” which may explain the lack of attention to this 
compound in the field of parenteral amino acid preparations. Glycine, how- 
ever, IS a component of many of the body proteins (collagen is rich in glycine) ; 
its roles in the syntheses of such nonprotein substances as creatine,’ glycocholic 
acid, glutathione,’ the protoporphyrin portion of hemoglobin,® and urie acid‘ 
have received widespread attention and confirmation in isotope studies during 
the last few years. In each instance the ingestion of glycine tagged with N*® 
has been followed so quickly by the appearance of labeled molecules of these 
produets as to indicate the direct participation of this amino acid in their 
syntheses. Glycine, moreover, has long been known to take a leading part 
in the detoxication mechanisms applied by the body against a large num- 
ber of potentially harmful produets of metabolism. Representative of this 
action is the conjugation of benzoie acid, an oxidation product of many toxie 
iromatie compounds, with glyeine to form hippurie acid. 

The Quick test of liver function is based on the relationship between the 

ncetional state of that organ and the capacity for synthesis of hippurie acid 
rom ingested benzoie acid. It has been shown that supplying extra glycine by 
ith during the test will in some instances appreciably inerease the hippuric 
id output even when it is seriously diminished in liver disease.” Thus it is 
lent that the actual ability of the liver cell to bring about the conjugation 
not be impaired, but that the rate of synthesis of glycine is the critical 
sideration. Depression of this rate occurs in normal pregnancy to the ex- 
of 15 per eent below normal,® and in toxemias of pregnaney and other 
ditions the ability to detoxieate is much more seriously impaired. 

llere again isotope studies have shed some light upon the mechanism in- 

ed. Simultaneous feeding of sodium benzoate and an excess of labeled 
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glycine resulted in the utilization of exogenous amino acid for about one-third 
of the hippurie acid synthesis.” The-body must have supplied the remaining 
two-thirds required for the detoxication. Very little is known of the soures 
er precursors of this endogenous supply. The observation of Christensen and 
co-workers that the ingestion of sodium benzoate is followed by a depression 
of the fasting blood olyveine level in human beings” has been confirmed in this 
laboratory. From this it would seem that the hod maintains its olyeine "¢ 
serves freely mobile in the blood stream, and depends upon rapid synthesis 
to meet specific demands for detoxication and other purposes. 

Recently, Gubner and associates'’ have emploved the specifie dynanik 
action of glycine to bring about some conceivably desirable changes it 
peripheral blood flow. Their work was based on the correlations that hav 
been established between the metabolic rate and cardiae output and periphera 
blood flow,' Dy means of skin temperature recordings, oscillometrice read 
ings, plethysmographs, and oxygen consumption determinations they hav 
shown that the increased heat production and oxvgen consumption that follow 
the ingestion of glycine are accompanied by a maximal inerease in eireula 
tion to the extremities. The skin temperature changes produced are equiva 
lent to those obtained with nerve block and are consistently greater in dura 
tion and degree than those caused by alcohol. The presence of peripher: 
vascular disease in some of their subjects did not alter the response. 

This considerable multiplicity of important metabolic functions, viewed 
in the knowledge that the rate of synthesis of glycine is depressed in a variety) 
of conditions, lends plausibility to the idea that reasonable indications may 
exist for the supplying of @lycine by veins when enteral nutrition is precluded 
The studies to follow were undertaken to investigate some effects of glycine 
administered intravenously. 

EXPERIMENTAL 

For the determination of glycine concentrations in blood and urine, the spe 
olorimetrie micromethod of Alexander, Landwehr, and Seliemat was employed, wit! 
only difference that a Cenco photelometer was used instead of the suggested Evelyn or Wlett 
instruments. This method depends upon the distillation-conversion of all free glycine 
formaldehyde by the action of ninhydrin, the resulting formaldehyde being allowed to r 
with chromotropic acid to produce a measurable color, Metabolism determinations 
made with a standard waterless respirometer., 

I. Two female dogs previously fasted for fourteen hours were given infusions of 5 
cent or 10 per cent glycine in physiologic saline solution by simple intravenous drip, the 1 
of flow being regulated to take thirty minutes. Blood samples were withdrawn immediat 
before the infusion, immediately afterward, then one and two hours later. Catheterized wu 
specimens were obtained for the hour preceding administration of glycine and at hot 
intervals after the drip began. Two doses were employed: one amounted to 0.5 Gm. 
glycine per kilogram of body weight and the other to 1.0 Gm. per kilogram. With the lat 
dose, both dogs showed signs of distress such as bradycardia, extrasystoles, excessive sal 
tion, and vomiting at the conclusion of the infusion. These signs diappeared within the 1 
half hour, and on a subsequent occasion one of the dogs tolerated this dose without appal 
ill effect. Table I is a record of urinary output of glycine during 


four of the preceding 


periments on one of the dogs. 
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TABLE I. HourLy OUTPUT OF GLYCINE IN URINE OF A 10-KILOGRAM DoG, FOLLOWING INTRA 





VENOUS INFUSION OF GLYCINE IN SALINI 
HOUR LOO ML. a9% GLYCINI 100 ML. LOG GLYCINE 
| 0.2 meg. O.1 me. 0.2 mg. 
» 507.3 Liew L2oe.8 
3 18.0 109.2 146.3 
j 3.6 ee 21:0 38.8 
Total 328.9 me. 308.7 meg LE TO22F mo. 1,436.9 me. 


*Infusion begun at end of controi hour 1; duration, thirty minut 
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Fig. 1.-—Blood concentration curves in 


Il. Kight normal adults, fasting for twelve hours, were given a total of about twenty 


venous doses of glycine ranging from 12 to 16 Gm. on a basis of 0.2 Gm. per kilogram 


ody weight, with the method of administration similar to that 


in the previous experi 
s. One subject was given a dose of 30 Gm, (0.4 Gm. per kilogram), and at the end of 
alf-hour injection he noted a feeling of warmth and tingling in the 


ed 


extremities, some 
salivation, slight nausea and lightheadedness, all of which 


passed wit 
No noteworthy subjective manifestations were mentioned by subjects given the smaller 
except the feeling of tingling, whieh was inconstant. 
Blood specimens were taken immediately before and after the infusion and at one, two, 
! 


three hours thereafter. Duplicate tracings to determine basal metabolism were made 





administration of elye! tracings were made before each blood withdrawal. 
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It was soon noted that the curves of blood coneentrations obtained on 


these rather arbitrarily selected doses in dogs and human beings showed 


striking similarity. Indeed, when average curves for each series were drawn, 


they could be superimposed for presentation. In Fig. 1, curve ut repre- 
sents the averagee of six closely comparable curves obtained in dogs with the 


smaller doses (0.5 Gm. per kilogram) and of a dozen or more similar curves 
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Fig. 2.—Per cent increase in oxygen consumption: (A), following dose of 0.4 Gm. per kilogram 
(B), same subject as (A), after dose of 0.2 Gm. per kilogram; others, after latter dose. 


from human beings given 0.2 Gm. of glycine per kilogram. Curve B was ob 
tained with the doses that produced untoward symptoms in both dog an 
human being (1.0 and 0.4 Gm. per kilogram respectively). 

In Fig. 2, some curves showing per cent of increase in rate of oxyge! 
consumption above the basal level are presented. A control experiment, usin 
only intravenous saline without glycine, was performed with one student wh 
acted as subject for the glycine experiment on six occasions. This subje 
showed a perfectly constant rate of metabolism throughout the control tes 
period, but responded to the addition of glycine with inereases similar 1 


those presented. 
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TABLE II. Hourty OurTeut OF GLYCINE IN URINE OF A 75-KILOGRAM MAN, FOLLOWING INTRA 
VENOUS INFUSION OF GLYCINE IN SALINE 


150 ML. 10% GLYCINE 300 ML. 10% GLYCINE 

HOUR (0.2 GM./KG. B.W. (0.4 GM./KG. B.W. 

l 2.0 mg. 2.0 mg. 

2 1. 722.0 3,997.6 

5 163.5 347.8 

} 28.4 35. 

5 1.2 10.0 
Total 1,918.1 meg. $390.5 me. 


*Infusion begun at end of control hour 1; duration, thirty minutes. 


Urine studies on the subject who received both doses are recorded in 
Table Il, and those on two subjeets who received only the small dose, in 


Table IIL. 


TABLE IIT]. HourLty OutTreut oF GLYCINE IN URINE OF 70- AND SO-KILOGRAM MEN, FOLLOWING 


INTRAVENOUS INFUSION OF GLYCINI 
140 ML. LOY GLYCINE 160 ML. 10% GLYCINE 

HOUR (0.2 GM./KG. B.W.) (0.2 GM./KG. B.W.) 

] 1.8 me. 2.0 mg. 

2 1,544.4 1,696.2 

3 200.7 233.9 

4 24.3 31.4 

5 ioe 3.5 
Total 1,776.9 mg. 1,965.0 meg. 


*Infusion begun at end of control hour 1; duration, thirty minutes. 


III. Blood glycine concentration curves were obtained with 0.2 Gm. per kilogram dose 


two patients with clinical chronic hepatitis (portal cirrhosis). Diagnosis in each case had 
been confirmed by punch liver biopsy and by abnormal responses to at least three different 
liver function tests (bromsulfalein, hippuric acid, thymol turbidity, and cephalin flocculation 
From the data in Table IV it may be seen that the curves were practically identical to each 


ther and to the curve presented as the average of all normal adults. The fasting blood levels 


toward the high range of normal, but the response to the infusion is strikingly close to 


he average, 


TABLE LV. BLoop GLYCINE CONCENTRATIONS OBTAINED IN TWO PATIENTS WITH PORTAL 
CIRRHOSIS GIVEN THE 0.2 GM. PER KILOGRAM Bopy WEIGHT DOSE OF 10 PER CENT 
GLYCINE IN SALINE; COMPARE WITH CURVE A, FIG. 1 


TIME BLOOD LEVELS 
( MIN.) I I 
0) 2.8 mg. 3.0 mg./100 ml. blood 
30 32.0 31.0 
O0) 7.6 7.8 
150 5.6 5.4 
210 5.0 $.5 


COMMENT 
The intravenous doses of glycine required to produce signs of distress 
dogs (1.0 Gm. per kilogram) correspond closely to those reported by 
vis,’* Riker and Gold, and Loomis and Quick.'® The dog that showed 
is from the dose on one occasion and not on a subsequent trial had a 


ehtly lower maximum blood level on the second occasion (70.0 me. per LOO 








1560 COLLENTINE, JR. 


inl. as Compared with 74.0 on the first). It is noteworthy that the blood con 


centration producing syinptoms is similar in the dog and man, although the 


dose per unit of body weight required to produc them is two and one-halt 


times greater in the dog. In view of the fact that all subjects tolerated the 
I2 to 16 Gm. (0.2 Gm. per kilogram) intravenous doses, even in the short 
injection time employed, it may be said that this represents a safe dose. 
Christensen and associates’ and Gutman and Alexander,’ the only in 
vestigators who have pul lished results of specific determinations of e@lveine 
in blood hy the inethod used here, have reported ig stine levels shehtly lowe) 
than those obtained in these experiments. Initial levels in their subjects 
ranged between LS and 2.5 me., averaging 2.0, while the results presented 


PAS was a re 


here are based on fasting levels of 2.4 to 2.5, averaging 2.6. There 
markable constancy of this characteristic in individuals tested repeatedly. 


The apparently “‘normal’’ blood level curves obtained in the two sub 


jects with etrrhosis are considered an indication that a *‘glyeine tolerance 
test’? along these lines would have no diagnostie value in this disease, where 
the deficiency with respect to glycine is in the rate of supply rather than in 
the metabolism of the amino acid provided CXOLZENHOUSLY. In this connection, 
however, the work of Weichmann and Dominick on tolerance of intravenous 
elycine in health and diabetes is worthy of mention. They have demonstrated 
that following the administration of glycine the amino acid nitrogen content 
of serum returns within normal limits much more rapidly in healthy than in 
diabetic subjects." Insulin caused a faster return, Duplieation of thes 


experiments, usIne the specific elveine determination, mieht 


produce evel 
more clear-cut results. 

Pitts has shown that of the four amino acids (glycine, alanine, glutamic 
acid, and arginine) the rate of renal tubular reabsorption is highest) for 
glycine.’ This probably accounts for the strikingly low excretion of un 
changed olycine even when the blood concentration is as much as thirty times 
the fasting level. 

The abrupt drop in the blood level, without corresponding urinary excre 
tion, during the first hour after the infusion is an indication of the rapidity 
with which the glycine is metabolized. The work involved in this task o 
deamination and redistribution of the resulting fractions is reflected in. the 
elevated calorie production. No previous reports of specific dynamic action 
of amino acids administered intravenously to human beings could be foun 
in the literature. Inasmuch as the necessary total nitrogen metabolism studies 
were not undertaken, it is not possible to express the results obtained in term 
that relate them to the quantity of given substance metabolized, as suegeste 
by Peters and Van Slyke. The metabolism effect obtained here with glycin 
administered by vein corresponds generally in magnitude with that report 
hy Gubner and associates to follow oral ingestion. 

Lusk showed conclusively that the increased heat production of specifi 
dynamic action cannot be utilized for the performance of work. Neverthe 


less, the possibility remains that this heightened state of metabolic activit 
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which ean be induced by the administration of a practically nontoxic, readily- 
available amino acid might well be desirable, for example, in medical and 
surgical convalescents. The associated augmentation of peripheral blood flow 
cannot be ignored. In any condition in which the depression of the body’s 
ability to supply glycine is known or expected (as in preoperative fortification 
of the liver for biliary tract SULrSery }, the body should profit from parenteral 


elycine in much the same manner as it does from glucose. 


SUMMARY 


(Gilveine plays an important role in the synthesis of body protein, creatine, 
elycochohe aeld, olutathione, ure acid, and heme. It iS apparentls essential 
in detoxieation and exhibits remarkable versatility in general metabolism. The 
possibility of depression of glycine synthesis in abnormal states should) be 
recognized, 

Blood and urine studies following the intravenous administration of glycine 
are presented to demonstrate the rapidity of its metabolism and its lack of 
toxicity even in high blood concentrations. Specifie dvnamie effeet is obtained 
when it is given by this route. 

As an adjunct to the usual parenteral protein therapy, elycine may be ad- 
ministered intravenously with safety and with beneficial effect when oral feed- 
ing is not possible. 
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DETERMINATION OF ANTIBODY CONTENT OF 
LYMPHOID CELL EXTRACTS 


FRANCES SPEAR, B.A., M.S. 


BETHESDA, Mp. 


R KCENT investigations’ ? of the role of lymphoeytes in antibody formation 
have focused attention on the technical difficulties of serologic titration with 
small volumes of cells. The present work represents an investigation of the 
requirements of serologic technique using the small cell volume available from 
the lymph or lymph nodes of experimental animals. 

The lymph was obtained from the efferent vessel of the popliteal node of a 
rabbit. The cell content of the lymph was determined using a white blood cell 
pipette and a standard counting chamber as used for peripheral blood examina- 
tion. The total cell volume was estimated by the formula of Harris and co- 
workers! in which cell volume in milliliters equals the cell count in thousands 
times 0.002 times the number of milliliters of Ivmph. The total cell volume 
available in our experiments varied from 0.001 to 0.01 milliliter. It was felt that 
the smallest volume that could be pipetted with aceuraey in this work was 0.05 
milliliter. Mmploving the principle of ** Hemolytic System Adjustments’ the 
following procedure for diluting Ivmph extracts was followed using 0.2. ml. 
pipettes graduated in 0.001 ml., and test tubes 10 by 75 millimeters. 


TUBE SALINE FACTOR 
1 0.05 ml. substanee ; 1 
2 0.05 ml. substance 0.05 mix, remove 0.05 ml. to control tube 2 
>} §0.05 ml. substanee 0.1 mix, diseard 0.1 ml. 3 
4 0.05 ml. substanee 0.15 mix, transfer 0.05 ml. to tubes 5, 6, 7 4 
5 0.05 from tube 4 0.05 mix, diseard 0.05 ml. 8 
6 0.05 from tube 4 0.10 mix, diseard 0.10 ml. 12 
7 0.05 from tube 4 0.15 mix, transfer 0.05 ml. to tubes 8, 9, 10 16 
S 0.05 from tube 4 0.05 mix, diseard 0.05 ml. 32 
9 0.05 from tube 4 0.10 mix, diseard 0.10 ml. 48 

10 0.05 from tube 4 0.15 mix, transfer 0.05 ml. to tubes 11, 12,183 64 


To each tube 0.05 ml. of Salmonella typhimurium antigen (density equal 
' MeFarland tube number 5) was added; racks were shaken and ineubated in 
water bath at 37° C. for two hours, were left in the cold room overnight and 
ad the following morning. 

A comparison of this method of dilution and the usual macromethod of 
uploying 0.2 ml. of material in serial dilution in 0.2 ml, of saline is given 
i the following page. 

From the Pathology Laboratory, Experimental Biology and Medicine Institute, National 
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Lymphoid cell extracts were prepared by freezing and thawing, with and 
without preliminary washine of the cells. After the Ivmph had been drawn, 
and the count taken, the rest of the lymph was measured into a small test tube 
and centrifuged at 2,000 revolutions per minute for five minutes to sediment the 
cells. The lymph was withdrawn with a capillary pipette and saved for testing; 
the cells remained in the same tube. To the estimated volume of cells, a volume 
of saline was added which would give sufficient material for testing with a 
minimal dilution factor for the cells. Lu. sis of the ivmph cells to extract anti 
bodies was effected by freezine with dry ice and thawine Yi Aes fee, Ge This process 
was repeated three times. A clear supernatant was obtained by centrifugation 
and used in the serologic test outlined. 

In addition, experiments were carried out in which the lymph was divided 
Into two portions. One portion was treated as previously outlined.  In- the 
procedure with the other, instead of extracting the cells in the saline, thev wer 
gently resuspended and centrifuged, and the saline was removed and saved for 
testing. The cells were resuspended in a lke volume of saline and subjected to 
the lvsine process. 

In the example of results given below, the rabbit had been injected in the 
left foot pad with 1 «ec. of S. typhimurium suspension equal in density to 


MeFarland tube number five. 


Antibody titer of unwashed cells of Ivinph from right popliteal node 1 :102 


Antibody titer of unwashed cells of Ilvinph from left popliteal node 1:70 
Antibody titer of washed cells of Ilvmph from right popliteal node Negative 
Antibody titer of washed cells of lymph from left popliteal node 1:15 


Antibody titer of saline wash of right cells 1:10 
Antibody titer of saline wash of left cells 1:15 
Antibody titer of right lymph 1 :160 
Antibody titer of left Ivymph 1:160 
Antibody titer of serum 1 :480 


It appears that the apparent high titer of extracts of cells of lymph may be 
entirely or in large part due to small amounts of lymph adherent to unwashed 
cells, or to the sides of the tube. Therefore these effects were investigated 
further, 

Four tenths milliliter of a serum with a titer of 1:512 was placed in a 
small test tube and the serum was carefully removed with a capillary pipette 
A volume of 0.05 ml. saline was delivered into the same test tube and removed 
with a eapillary pipette, whereupon a second volume 0.05 ml. volume of saline 


was added. In serologic measurements the first saline wash was positive in a 
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dilution 1:256, and second wash was positive in a dilution of 1:12. Had the 


titer of the salines been calculated in reference to a hypothetical volume of cells 
0.0025 ml.) which had been frozen and thawed to extract immune bodies, the 
titer of the first wash would have been 1:2856, the second wash, 1:324. Hence 
the presence of traces of fluids containing immune bodies ereatly distorts 
titers Which are computed with reference to extracts of extremely small volumes 
ot cells. 

Again multiple washes were used to eliminate the effeets of traces ot body 
fluids in an investigation of the extracts of cells of the popliteal node. The 
letailed procedure was as follows. The popliteal node was weighed and placed 


Ina small beaker with a volume of saline nine to nineteen times its weight. 


The node was cut suflicient{y to permit the release of the cells yet leave the node 
tissue In one minced section rendering filtration unnecessary. After a cell count 
ad been taken, the cell saline suspension was measured into a small test tube 
and centrifuged (1,000 eravity) for five minutes. The supernatant was 
carefully withdrawn (referred to below as wash 1) and saved for testing. 
Droplets of fluid observed on the sides of the test tube were removed with a 
clean cotton swab. iplos ine the same test tube, the volume of cells computed 
as count In thousands ~ volume in milliliters ~ 0.0002) was resuspended in fresh 

Ine, an amount whieh was a multiple of the volume of cells and gave suffie- 
lent material for testing. After this second suspension had been centrifuged, 


h 2. 


the supernatant was withdrawn anc saved as was 

The cells were then suspended in an amount of distilled water equivalent to 
half of wash 2. After the cells had been l\ sed through the combined effeets of 
distilled water and alternate freezing and thawing, a volume of 1.7 per cent 
sodium ehloride solution equal to the amount of distilled water was added. The 
mixture was shaken, allowed to stand, then centrifuged. The microtechnique 
t] 


as used to estimate the amount of antibody present in the cell extract as well 


s the washes. A typical result is presented. 


Wash | titer | AU) (proportion computed for weroht ot node 
Wash 2 titer 1:30 (proportion computed for volume of cells 


Cell extract titer 1:16 (proportion computed for volume of cells 


SUMMARY 


The present work represents an investigation of the requirements of sero 
‘technique using the small cell volume available from lymph or lymph nodes 
experimental animals. 
The experience of this laboratory indicates that especial care must be ex 
sed in the interpretation of titers because small carryovers of fluid containing 
hodies may greatly distort results if these are expressed in terms of cell 
ne, 
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THE EFFECT OF NITROGEN MUSTARD AND X IRRADIATION ON 
BLOOD COAGULATION 


LEON QO. Jacospson, M.D., Epna K, Marks, EVELYN GASTON, 
J. GaRRotT ALLEN, M.D... AND Marruew H. Biuock, M.D.* 
Carcaaco, 111.. 


INTRODUCTION 


LLEN, Jacobson, and associates’! reported that exposure to ionizing’ radi 
A ations produced a prolonged whole-blood coagulation time (Lee-White) in 
dogs and in human beings as a result of the appearance in the blood of an anti- 
coagulant biologically similar to heparin. More recently Smith, Jacobson, and 
co-workers” observed a prolonged whole-blood coagulation time in five patients 
viven therapeutic doses of nitrogen mustard (methyl-bis-(B-chloroethyl) amine 
hvdroehloride). This clotting defect was identical to that reported by Allen 
and co-workers in the dog and human being following exposure to ionizing 
radiation in that the clotting time could be returned to normal both in vivo and 
in vitro by specific antiheparin substances such as toluidine blue and protamine 
sulfate. The prothrombin time and the caleium and fibrinogen blood levels 
were within normal limits in these subjects but each had a severe leucopenia 
and thrombocytopenia. 

Reports by Jacobson and associates,© Spurr and co-workers,” and Block 
and ¢o-workers* have pointed out the toxie effects of nitrogen mustard on the 
blood and blood-forming tissue of patients who were given this drug therapeu 
tically. Although these authors reported paneytopenia, a prolonged bleeding 
time, eechymosis, and cutaneous and mucous membrane petechiae, no altera 
tion of significance in the whole-blood coagulation time was deseribed. 

The dosage and schedule of administration of nitrogen mustard in the 
five patients referred to were as follows: Two patients were given 0.1 mg 
per kilogram of body weight intravenously on four consecutive days. The in 
jections were administered twenty-four hours apart and the total dose in one 
was 25.4 mg. and in the other 26.8 milligrams. One patient received four in 
jections of 0.1 meg. per kilogram of hody weight at intervals of twelve hours 
the total dose was 22.4 milligrams. One patient was given four injections o! 
0.1 mg. per kilogram at intervals of seven hours; the total dose was 20. 
milligrams. One patient was given two injections of 0.3 mg. per kilogram 
each six hours apart; the total dose was 38 milligrams. The fact that a sever: 
hemorrhagic state, terminating fatally, developed in all of these five patient: 
led us to suspect an impurity or some intramolecular transformation in th: 
drug or unusual sensitivity of the patient to the drug. However, other p: 
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tients treated with the same lot number of the drug and with similar total 
dosage did not manifest this clotting defect nor has a new supply of this drug 
produced such a toxie reaction. 

Because of the rather widespread clinical use of nitrogen mustard in the 
treatment especially of neoplastic diseases of the hemopoietic system and the 
serious implication of hemorrhage, studies in experimental animals were un- 
dertaken to elucidate further this effect. 


MATERIALS AND METHODS 


Swift’s snuffle-free rabbits of uniform age and weight (2.5 to 3 kilograms) were used in 
this study. Previous studies with nitrogen mustard in our laboratories® indicated that a single 
intravenous dose of 3.0 mg. per kilogram of body weight produced a destructive effect on 
the hemopoietic system of this strain of rabbits approximately equivalent to 800 r total-body 
X irradiation. The effect of both of these agents on the whole-blood coagulation was studied 
simultaneously for comparative purposes. 

Technique of Nitrogen Mustard Administration.—A dose of 3 mg. of nitrogen mustard 
per kilogram of body weight was injected slowly into the marginal ear vein of the rabbit im 
mediately after the chemical had been dissolved in physiologie saline. A concentration of 
1 mg. of the drug per 1 ¢.c. of saline was used since this concentration produced no sloughing 
of the ear tissue and did not obliterate the ear vein. 

Technique of X Irradiation—The x-rays administered in these experiments were gen 
erated on a 200 kv. machine operating at 15 milliamperes. A 0.5 mm. copper filter and a 1 
mm. aluminum filter were used. The half-value layer in copper of the filtered beam was 0.98 
millimeter. The exposure was measured with a Victoreen condenser r-meter equipped with 
« 100 r chamber. Measurements were made in air within a treatment box at the position oc 
upied by the center of the animal’s body. Victoreen chambers of 250 r full scale readings 
were used as monitors, 

ITematologic Studies. 

Whole-blood Clotting Time: The clotting time of the whole blood was determined at 

om temperature by a modification of the Lee-White method.,, Whole blood (0.5. e.e. 
mounts) was measured into five or six small test tubes (10 by 75 mm.) and 1 ¢.c. amounts 
ere pipetted into two or three large test tubes (18 by 100 mm.). The larger tubes were not 
xumined until clotting had been established in the small tubes. The time which elapsed 
tween obtaining the blood (first appearance in the syringe) by cardiocentesis and the 
tting of two consecutive tubes which had not previously been manipulated was considered to 
the whole-blood clotting time, and the blood was considered to be clotted when it remained 
upon inversion of the tube. 
Platelet: Determination.—Platelet counts were made by drawing blood to the 0.5 mark 
white blood diluting pipette and diluting to the 11 mark with a 1.8 per cent solution 
freshly prepared sodium citrate. The pipette was gently shaken for one minute after 
h the entire content of the pipette was allowed to flow into a small Lusteroid conical 
“1 tube. The tube was set aside at room temperature until sedimentation of the red 
had occurred. The platelet counts were then made on the plasma whenever time per 


1 (within twenty-four hours) 


TABLE I. AMOUNTS OF PROTAMINE SULFATE AND BLOOD USED IN THE 
HEPARIN TOLERANCE TEST 


TUBE ] 2 3 4 5 6 7 8 9 10 
itamine sulfate 2.0 10.0 15.0 17.5 20.0 22.5 29.0 2.0 30.0 35.0 
rinized blood* (e.c.) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 


int of protamine 
fatet (e.c.) 0.01 0.02 0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.07 


*0.02 c.c. liquid heparin in 3.5 ¢.c. blood. 
il mg. protamine sulfate in 2 ¢c.c. normal saline. 
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eram of body weight. One group of animals that received 3 me. of nitrogen 
mustard per kilogram of body weight remained untreated for comparative pur- 
poses. 

Animals exposed to SOO r total-body N radiation were treated similarly, 
one group receiving either toluidine blue or protamine after a prolonged clotting 


time had been established, while another group remained untreated. 
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1b Clotting time (1 ¢.c. blood), platelet values, and heparin tolerance test (one-hour re- 
sults) in one normal control rabbit (0785) (blood obtained by cardiocentesis). 
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RESULTS 

The mean average of the whole-blood clotting time in normal untreated 
rabbits varied from 8 to 16 minutes in tubes containing | ¢.c. of whole blood. 
The platelets of the normal rabbits varied considerably but were usually be- 
tween 250,000 to 500,000 per cubie millimeter. The heparin tolerance test gave 
fairly constant results in normal rabbits; 17.5 to 22.5 y of protamine sulfate 
were necessary to produce a clot in heparinized blood prepared as outlined. 
Thus clotting occurred normally in tube 4,5, or 6 (see Table 1). The mean 
average results of the whole-blood clotting time, platelets per cubic millimeter, 
and the heparin tolerance results of seven untreated normal animals are shown 
in Figs. 1A and 1B. Fig. 1A illustrates the fluctuations in these determinations 
which a single animal may exhibit during a twenty-four day period of ob- 
servation. Normal animals on which such determinations are made at fre- 
quent intervals over a period of thirty days or more usually exhibit less vari- 
ation than this individual animal illustrates. 

Effect of Nitrogen Mustard. 

Clotting Time: A prolonged clotting time of the whole blood occurred 
after the intravenous injections of 3 or 4+ me. of nitrogen mustard per kilogram 
of body weight. Fig. 2 shows the effect on the clotting time of sixteen rabbits 
given intravenous doses of 3 me. per kilogram. An increase in the length of the 
clotting time was present twenty-four hours after nitrogen mustard administra- 
tion, reached a peak in circa four to seven days, remained high about ten days, 
and returned to a normal value in the surviving animals by two weeks. The 
effect of nitrogen mustard on the clotting time of an individual animal is 
shown in Fig. 3. The pattern of individual response is similar to the mean 
values shown in Fig. 2 except that the clotting time was not infrequently pro 
longed to 50 and 60 minutes in individual animals. 

Platelets —The data from sixteen animals studied consecutively after 
nitrogen mustard administration are shown in Fig. 2. The mean maximum 
decrease in the platelets per eubie millimeter had occurred by the fourth day 
after nitrogen mustard administration, and remained below normal values for 
circa seven days. The lowest mean platelet level (150,000 per eubie milli 
meter) did not parallel the high peak in the clotting time on the seventh day, 
but the return of the clotting time to normal limits paralleled the return of 
the platelets to normal values. Even more striking is the fact that the clotting 
time in practically all animals had increased prior to a significant reduction 
in platelet values. These facts are clearly illustrated in individual animals as 
is shown in Fig. 3. 

Heparin Tolerance.—In general, the effect of nitrogen mustard on the 
heparin tolerance paralleled the effect on the clotting time. As the clotting 
time of the animal rose, a greater concentration of protamine sulfate was 
necessary to produce a clot in the heparin tolerance tubes in one hour. This 
is illustrated in Figs. 3 and 6. 

Fibrinogen and Calcvuum.—Without exception fibrinogen was present i 
all plasma samples. The blood calcium determinations of the nitrogen mustar 
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ig. 2.—Clotting time (1 ¢c.c. blood) and platelet values in sixteen rabbits following the intra- 
venous administration of 3 mg. per kilogram of nitrogen mustard. 
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Fig. 3.—Clotting time (1 c.c. blood), platelet values, and heparin tolerance test (one-hour 
rely in one rabbit (0733) following the administration of 3 mg. per kilogram nitrogen 
ated animals with delayed elotting and an abnormal heparin tolerance test 
re within the normal range (13 to 14 mg. per cent). 

Prothrombin Time.—As stated, blood for a prothrombin time determina- 

was obtained simultaneously with blood for clotting time and heparin 

Jerance determinations in all control and mustard-injected animals. In no 
stance was a prolonged prothrombin time observed in animals which had a 
vlonged clotting time or abnormal heparin tolerance test as a result of the 
‘rogen mustard intoxication. 
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Effect of N-Rays.—Exposure to 800 r total-hody X radiation produce 
results similar to those deseribed following nitrogen mustard adiministratio! 
except that the prolonged clotting time persisted for a longer period oft time 
and the platelets, which were reduced by the fifth day, remained reduce: 


for a period of seven days or longer. ie. 4 is representative of this grou] 
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of sixteen animals. The heparin tolerance test, clotting time and platelet 
values of one animal following irradiation are shown in Fig. 5. These results 
are representative of those animals whieh did not survive. 

Prothrombin time remained unchanged in the animals exposed to 800 
r X radiation. The blood calcium values likewise remained within normal 


limits and fibrinogen was present in all plasma samples. 


Kifect of Anttheparin Substances on the Prolonged Clotting Induced by 
Vitrogen Mustard or N-Ray.—The effect of intravenously administered tolu- 
idine blue or protamine sulfate on the clotting time of normal animals and 


animals with a nitrogen mustard-induced prolongation in the clotting time 
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results) in a rabbit (O71S) produced by the intravenous administration of 3 mg. per kilo- 


of nitrogen mustard. 


as studied repeatedly in individual animals. Single doses of from 5 to 4 
iv. per kilogram of toluidine blue were administered either intracardially 

intravenously (ear vein), and observations on the clotting time, heparin 
leranee, and platelet values were made at two and twenty-four hours after 
jection. The same procedure with a dosage range of 2 to 2 mg. per kilogram 
is followed when the effeet of protamine sulfate was similarly investigated. 

The effeet of intravenous injections of toluidine blue and protamine 
fate on the whole-blood clotting time and heparin tolerance test of an in- 
vidual rabbit following 3 mg. per kilogram of nitrogen mustard is shown 
lig. 6. The intravenous injection of 2 mg. of protamine reduced the elot- 


e time from 48 to & minutes in two hours. The amount of protamine neces- 
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Fig. 7A.—The effect of toluidine blue on the prolonged clotting time (1 c.c. blood 
SOU 


platelet count, and heparin tolerance (one-hour readings) in a rabbit (078U) following 
total-body X irradiation. 
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sary to produce a clot in the heparin tolerance test was reduced from 25 to 
10 y during the same period. The intravenous injection of 3 mg. of toluidine 
blue per kilogram of body weight gave similar results in the same rabbit six 
days after the first injection of protamine when the clotting time was again 
prolonged. After the toluidine blue injection, the clotting time dropped from 
65 minutes to 42 minutes in two hours, and then to 35 minutes in twenty- 
four hours. Another injection of 4 mg. of toluidine blue reduced the clotting 
time to 22 minutes in two hours, after which the animal made an uneventful 
recovery. 

No significant change was noted in the number of platelets per cubic 
millimeter following the injections of toluidine blue or protamine sulfate. 

Without exception in the presence of a nitrogen mustard-induced pro- 
longation in the clotting time, the intravenous injection of toluidine blue in 
3 or 4 mg. per kilogram doses or of protamine sulfate in doses ranging from 
15 to 2.5 me. per kilogram significantly reduced the clotting time. In some 
instances the clotting time was reduced to the normal range by two hours, or 
significant reduction in the clotting time was produced by two hours but was 
not reduced to the normal range. In others, the clotting time was significantly 
reduced by two hours, reached the normal range twenty-four hours after in- 
jection of toluidine blue, but by forty-eight hours was again prolonged. 

In rabbits exposed to 800 r total-body X radiation, the effects of toluidine 
blue and protamine sulfate on the prolonged clotting time are shown in Figs. 
7A and 7B. Although the clotting time was reduced in rabbit number O7S80 

Nig. 71) from 41 minutes to 18 minutes in two hours after the intravenous 
administration of 3 mg. of toluidine blue per kilogram of body weight, the 
effects on the heparin toleranee test were not remarkable. The following 
day -the clotting time was again prolonged (30 minutes), and an increased 
unmount of protamine was necessary to bind the heparin in the heparin tol- 
erance test. Before another injection of toluidine blue could be administered, 
the animal died. Oceasionally, as in this animal, an abnormal heparin toler- 
nce fails to revert to normal two hours after the intravenous administration 
~an antiheparin substance even though the clotting time was returned to nor- 
ial or significantly reduced. By twenty-four hours after toluidine blue or 
rotamine injection however, the heparin tolerance was normal if the clotting 
ime had returned to normal. 

Animal number 0764 received protamin sulfate in 1.5 mg. per kilogram 
mounts intravenously at 10 a.m. and 4 p.m. when the elotting time was 43 min- 
‘es and when 35 y of protamine did not clot the blood in the heparin tolerance 
st. The following day when the clotting time was 34 minutes, another in- 

tion of protamine (1 mg. per kilogram) was given intravenously. Although 
clotting time was reduced to 17 minutes in twenty-four hours after the last 
ection of the protamine sulfate, the animal did not survive. It is likely 
it these animals died as a result of the eardiocentesis or from the general 
irradiation effeets rather than from the protamine or toluidine blue injee- 


ns, 
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DISCUSSION 


A prolonged clotting time and an abnormal **heparin tolerance’? were al 
most invariably produced in rabbits given a single intravenous dose of 5 meg. 


nitrogen mustard (methyi-bis-(B-chloroethyl) amine 


per kilogram or more of 
hvdrochloride . A similar effect was produced in rabbits after exposure te SOO 
r whole-body X radiation. The prolonged clotting time appeared by .twenty 
four hours in rabbits given nitrogen mustard, whereas significant prolongation 
in clotting time was not consistently observed until the second or third day after 
irradiation. Spontaneous recovery from this effeet occurred earlier in- the 
nitrogen mustard treated animals than in irradiated animals. The effects of a 
single injection (3.0 mg. per kilogram) of nitrogen mustard on the cellular ele 
ments and hemoglobin of the peripheral! blood and the histologie effeet on the 
hemopoietie tissues are essentially comparable with those produced bv SOO r 
whole-body X irradiation. Recovery of the bone marrow and Ivmphatic tissue 
and return of the cellular constituents of the peripheral bleod to normal values 
after doses of these two agents is more rapid in nitrogen mustard treated 
animals than in the irradiated animals.” Since, however, these two agents 
are not strictly comparable in terms of selectivity and mechanism of aetion, 
one cannot expect the appearance of or recovery trom largely identical bio 
logie effects to be the same. 

The mechanism of the prolonged clotting time and altered heparin tol 
erance, Which appears after nitrogen mustard intoxication, is probably identi 
eal with that deseribed by Allen and Jacobson’ in the dog after exposure to 
lethal amounts of X radiation, namely an increase in a circulating heparin 
or heparin-like substance. This is substantiated by the facets that the pro 
thrombin time, fibrinogen, and calcium levels were normal in the animals with 
a prolonged clotting time; no fibrinolysin was demonstrated; and antihepari 
substances, such as toluidine blue and protamine, were capable of reversing to 
normal values or significantly reducing the prolonged clotting time for vary 
ing lengths of time. The recent report by Smith, Jacobson, and co-workers 
has shown that therapeutic doses of nitrogen mustard produced this same 
effect in the human being. It is of interest in this connection that the dos« 
required to produce this clotting defect in the rabbit with regularity is about 
seven times the total dose usually used for therapeutic purposes in the humat 
being. 

In the original publication by Allen and Jacobson? it was pointed out that 
not infrequently a prolonged clotting time was observed in X-irradiated dog 
before thrombocytopenia developed. In the rabbit, after intoxication wit! 
either nitrogen mustard or x-ray, the clotting time is almost always signifi 
cantly increased prior to significant reduction in platelet values. On the othe 
hand, the maximum increase in clotting time roughly parallels or oceurs con 
comitantly with the maximum platelet decrease. Spontaneous recovery 0 
hoth to normal levels oceurs at practically the same time. Reversal of th 
clotting time and heparin tolerance to the normal range by the intravenous 


administration of toluidine blue or protamine sulfate did not signifieantl 
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alter the platelet level. These facts do not necessarily indicate, however, that 
platelets have no role in the production of this **syndrome.”’ 
The results of these experiments are interesting from the standpoint that 
clotting defect is produced by nitrogen mustard which is similar to that pro- 
duced by ionizing radiations. It seems likely that other chemical substances 
with the capacity to produce severe damage to the blood-forming tissue may 
likewise produce a prolonged clotting time in which heparin or a heparin- 
like substance is involved. It is an important fact that spontaneous recovery 
from this hemorrhagic syndrome produced by either nitrogen mustard or ir- 
radiation is possible. It is also significant that antiheparin substances are 


therapeutically effective in the treatment of this syndrome. 


SUMMARY AND CONCLUSIONS 


A prolonged clotting time is produced in rabbits by the intravenous ad- 
ministration of 3} or 4 me. of nitrogen mustard per kilogram of body weight. 
The same syndrome is produced in human beings after therapeutic doses of 
this drug. The amount of protamine necessary to produce clotting in the 
heparin tolerance test is increased in those rabbits that develop a prolonged 
clotting time. 

The prolonged clotting time occurs in rabbits after ao mg. per kilogram 
dose within twenty-four hours after administration and persists for approx- 
imately twelve days. Spontaneous recovery o¢curs in surviving animals by 
the twelfth to fourteenth day. A maximum reduction in blood platelets oe- 
curs by the fourth day in rabbits receiving 3 mg. per kilogram nitrogen mus- 
tard, with recovery by the twelfth to fourteenth day. Thus, the clotting time 
is prolonged prior to significant platelet reduction. Tlowever, the period of 
platelet reduction (fourth through twelfth day after nitrogen mustard ad- 
inistration) roughly parallels the period in which maximum increase in the 
clotting time exists. Spontaneous recovery of the clotting defect and the 
eturn of platelet values to normal levels in the peripheral blood occur at a 
mparable time (circa fourteen days 

Animals which developed a prolonged clotting time had normal caleium 
d prothrombin values.’ 


The prolonged clotting time and decreased “*heparin tolerance’’ are re- 





rsible with antiheparin substances. The anticoagulant present in the blood 
robably heparin or a heparin-like substance. 

The ¢lottine defect produced hy nitrogen mustard resembles that pro- 
‘ed by whole-body X irradiation (S00 r) in rabbits and is also reversible 

antiheparin substances. 

It is suggested that the potentially serious clotting defect may be produced 
other agents producing toxic effects directly or indirectly on the blood- 
ling tissue. This should be borne in mind since a method of treatment 
vailable (antiheparin substances) whieh may make it possible to pass the 
tical period of potential hemorrhage until spontaneous recovery ensues. 

Since submission of the manuscript, quantitative fibrinogen determinations have been done 


few animals in which a prolonged clotting time was present after nitrogen mustard ad- 
tration. In these animals, the flbrinogen values were normal. 
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THE USE OF PLASMODIUM VIVAX PRESERVED BY FREEZING 
IN INDUCING MALARIA 


(ivorce M. Saunpers, M.D., Davin W. TaumMace, M.D., ANd Vireo Scorr, M.D. 
Str. Louis, Mo. 


EVER from induced malaria continues to be widely employed in the man- 

agement of neurosyphilis, particularly in parenchymatous forms such as 
dementia paralytica and primary optie atrophy. <A serious obstacle to the use 
of malaria has been the difficulty of maintaining a source of parasites. Even 
in metropolitan areas, cases of malaria naturally acquired or deliberately induced 
are frequently not available. This difficulty has increased since the introduction 
into syphilotherapy of penicillin. Milder forms of neurosyphilis are now treated 
effectively with this antibiotic alone ; consequently, treatment with induced fever 
is less frequently necessary and fewer cases of malaria are to be found. It may 
be troublesome and time consuming to obtain malarial blood from distant medical] 
centers, and unless shipment is rapid and delivery prompt, the blood may be 
noninfectious by the time inoculation is accomplished. Since malarial parasites 
remain viable at room temperature for three to five days at most, a simple, 
effeetive method for their preservation for longer periods has practical value. 

By a method of quick freezing of malarial blood and storage at low tem- 
peratures, we have had available a supply of Plasmodium vivar parasites which 
has been used successfully during the past vear to induce malaria in approxi- 
mately forty patients in hospitals in the St. Louis area. 

A preliminary report’ briefly outlined the method used and cited successful 
inoculations in six patients, three of which were described in detail. It is the 
purpose of the present paper to record the experience with a larger series of 
Cases. 

It is well known that many infectious agents, bacterial and viral, ean be 

laintained in the frozen state. As summarized in our previous communication, 
several types of pathogenic protozoa, including those of avian and monkey 
lalaria, have been similarly preserved.' The only previously recorded attempt 
preserving human plasmodia was that of Coggeshall?’ who was unsuccesstul 
sing a method which involved rapid freezing at —~72° to -80° C, followed by 
ow thawing. The procedure employed in the present study is fundamentally 
milar except that thawing has been effected rapidly rather than slowly. 


ORIGIN OF PARENT STRAINS 


H. Kk. Strain.—This strain was isolated April 8, 1947, from a 29-year-old veteran during 
icute episode of relapsing malaria. H, IK. had been exposed in the Southwest Pacific 
a, New Guinea, and the Philippines, from June, 1944, to December, 1945. Throughout 
s time, while on routine quinacrine suppression, no clinical attacks of malaria occurred. 

From the Departments of Preventive Medicine and Internal Medicine, Washington Uni- 
ity, and the Syphilis Clinic of the Washington University Clinics. 
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sisting of ethvl aleoho l ary re t temperature oft a ) S| ( An pules we 
immersed nadiy dually wl ‘ bemg ro ted rap \ it to sperse the containe 
citrated blood into a thin film on the inner surface of the ampule Freezing was tl 
accomplished I the eourse ot ra TeW SCCOTAS, Atte: remaining ll the freezing’ mixture 
approximately ten minutes, the ampules were transferred to a drv-ice box for storage 
10” C. A commercial home freezer with a specially construeted insulated inner éabit 
containing a central space for storage of mi} eS nd c¢ompal ents at the ends for I 
ce has proved satisfactory to t Ss purpos The entire proce tron ‘ puncture 
storage, was completed as rapidly as possib ually requiring no longer than thirty 
Ports hive minutes \sep prec IlIOnNS Were Obse Ver t ) 

An pules were removed as nee led, rapid y tl ved a he bedside by mmersion l 
water bath at 4 ( and the fluid immediate is injected intravenously into the 
cipient The usua noculum consisted of the content tf two or three pules, a volt 
if $+ to 10 Ii oa hou h is ttle is 2 ! | is peeh Used sSu¢ eCSSTI \ 

PRANSFER OF STRAINS 

Following the development of clinical malaria, patients were bled after vary 
numbers of paroxysms and during various phases of the lite evele of the parasite, 
the freezing and storage process was repeated. Thus, the parent strains were maintain 
by serial passage from one patient to another Inoculations were performed uniforn 
with material which had been frozen and resort to direct transfer was not necessary. 

Although the method de ribed includ no. ification dopted during the co 


f the study, the procedure has remained « entially unchanged 
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DESCRIPTION OF SUBJECTS 

Since the beginning of the experiment a little more than a year ago a total of fifty 
four subjects has been inoculated with preserved P. vivax blood, one subject being inoculated 
twice, for a total of fifty-five inoculations. All subjects were patients with neurosyphilis in 
whom malaria was being induced for therapeutic purposes. All were adults; forty-eight were 
men and six were women; all were white except one Negro and one Mexican of mixed blood. 
The racial selection was premeditated since it is well known that Negroes are frequently 
immune to vivax malaria. The patients were hospitalized in ten different hospitals in the 


St. Louis area. 
RESULTS 
Results of inoculation have been classed as suecesses, failures, incomplete 
data, and lost to observation, according to the following criteria. An inoculation 
was considered a success when it was followed by oral temperatures of 37.8° C. 
or more on at least one occasion forty-eight hours or more following inoculation 


in addition to the demonstration of malarial parasites in thick or thin blood 
preparations. In successful cases the incubation period was calculated as the 
time in days from inoculation to the first febrile elevation. 

Cases were officially classed as failures when parasites were not found in 
the blood during the period from about six days to four or five weeks after 
inoculation. However, two patients, who had irregular low-grade fever on the 
tenth to fourteenth postinoculation days without parasites being demonstrated, 
subsequently developed typical malarial paroxysms with demonstrable parasites, 
one forty-five days and the other seventy-eight days after inoculation. Hence 
it seems likely that some of the patients who were classed as failures after four 
to six weeks and who were then lost from observation or given antimalarial 
therapy might have developed malaria. Cases classed as incomplete include 
those patients whose postinoculation period is currently less than four weeks 
without clinical or laboratory evidence of malaria and two patients who were 
discharged from hospitals less than three weeks after inoculation, who developed 
chills and fever at home, recorded temperatures exceeding 39° C., and who 
promptly became afebrile following antimalarial therapy, blood smears not 
being available for examination during the posthospital period. In the two 
cases lost to observation the patients left the hospital less than a week follow- 

’ inoculation and subsequent observations are lacking. 

Of the fifty-five inoculations there are at present forty-six cases with data 
equate to classify as suecess or failures. Table I shows that forty, or 87 
r cent of the forty-six, developed malaria, and six, or 13 per cent, were 
ssed as failures. These six failed to develop malaria clinically and parasites 
re never demonstrated by smear over observation periods ranging from 
'ty-four to ninety days. 


TABLE I. RESULTS OF INOCULATION OF P. VIVAX STRAINS PRESERVED BY FREEZING 


RESULT ¥ 


STRAIN N. Y. | «STRAIN H. K. TOTAL 
Suecesses 34 6 Ly) 
Failures } 2 6 
Total — 38 8 16 
Incomplete ] 5 i 
Lost » 0) 9 
Total 41 is 5d 
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Sufficient information relative to possible strain differences has not beet 
accumulated thus far. Amone the cases for which we have adequate data, o| 
thirty-eight inoculations performed with N. Y. strain, thirty, or 90 per cent 
have been successful; six, or 75 per cent, of eight inoculated with H. K. strain 
developed malaria. 

In considering causes of failure other than technieal error, three factors 
deserve mention—previous malarial infection, race, and the inadvertent sup 
pression of the malaria by drugs possessing antimalarial activity. Whether any 
of the six known failures had suffered previously from naturally acquired 
malaria and might, therefore, have been immune is not definitely known. Two 
of these patients, so demented that historical information on this point could 
not be obtained, had lived in malarious regions. One was a Greek who had 
lived in his native country for an eighteen-year period; the other was a Mexican 
who was also probably part Negro. A third patient, classified as a failure after 
forty-five days of observation following an initial inoculation with the H. k 
strain, subsequently was reinoculated successfully with the N. Y. strain, the 
incubation period (sixteen days) being within the usual range. In this patient 
the original inoculation was probably faulty since it seems less likely that strain 
differences would have influenced the result. Failure may be explained in the 
case of the one Negro subject on the basis of race resistance. 

None of the forty who developed malaria are known to have had the natu: 
ally acquired disease, but one had been previously inoculated (unsuceessfulls 
with fresh blood containing quartan parasites. 

In reference to antimalarial drugs, it is well known, although perhaps not 
widely recognized, that both the sulfonamides and the heavy metal antisyphilitic 
agents,* including the arsenicals and bismuth, may abort or suppress infection 
with malarial parasites. The same effect may be produced by even minute doses 
of quinine comparable to those contained in some of the commonly used ‘‘ tonics 
To our knowledge, none of the failures were related to the administration o! 
these drugs, although several of these patients were not under our own observa 
tion. It may be of interest to refer to one patient who developed severe con 
vulsive seizures a few days after inoculation and a day or two after penicillin 
therapy was instituted. To control the convulsions the patient was given regular 
doses of phenobarbital, and Dilantin sodium, 90 mg. three times a day. It was 
felt that his failure to develop malaria might have been due to some suppressive 
action of the barbiturates or Dilantin since it is known that many types of com 
plex organic compounds may act as antimalarials. To test the supposition tliat 
Dilantin might act in this manner, one patient in whom it was desired to tc 
minate malaria was given Dilantin sodium, 90 mg. three times a day for a period 
of four days. He suffered a regular malarial paroxysm on the first day of 
Dilantin treatment but was afebrile subsequently for five days, during whic! 
malaria parasites were not found in blood smears. At this time the patient wis 
given a course of chloroquine to make sure the malarial infection was terminat«( 
In another patient, similar doses of Dilantin for three days failed to have ai) 
apparent effect upon the malaria, and because of his critical condition the pati 
was treated with chloroquine to end the attaek. 


*But not penicillin. 
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In attempting to analyze the results of inoculation there are a number of 
variable factors, some of which may be controlled and measured with reasonable 
aceuraey, While others are beyond control and cannot be measured with present 
methods. The measurable, controllable factors inelude parasite strains, the 
number of parasites in the inoculum before freezing, the stage of development 
of the parasites, the method of preventing clotting, the speed of freezing and 
thawing, the storage temperatures, and the duration of preservation. The 
uncontrollable, incaleulable factors include the host resistance whether due to 
previous malaria or other factors including race. 

Parasite Strains —The differences in results of inoculations with the two 
strains used in this study including the proportion of successes to failures, and 
the ineubation period in the successes, are too small to be of significance. 

The Size of Inoculum.—It might logically be assumed that few parasites 
might fail to produce malaria, or produce it only after a prolonged incubation 
period, and that a large number of parasites would produce malaria more con- 
sistently and with a relatively short ineubation period. In most instanees a 
rough parasite count was made on donor’s blood by relating the number of 
parasites found in stained smears to the number of leucocytes seen and to the 
total leueoeyte count. But, although we can thus estimate the number of para- 
sites in a given quantity of blood before freezing, it has not been possible to 
determine how many survive the freezing, thawing, and storing. 

There is no evidence that the total number of parasites in the inoeulum 
before freezing accounted for suecess or failure in producing malaria in the 
host. In the six eases classed as failures the number of parasites was greater 
on the average than in the cases classed as successes, and the blood had been 
preserved for shorter periods of time. Furthermore, when the successes are 
grouped according to number of parasites in the inoculum, as shown in Table IT, 
there is no evidence that the incubation period was altered significantly by in- 
creasing the number of parasites. The length of time the parasites were stored 
was essentially comparable in all groups except the fourth, in which there was 

much longer average storage time and a slightly shorter incubation period. 


TABLE II. THe Size or INOCULUM, THE LENGTH OF STORAGE OF PARASITES, AND THE 
INCUBATION PERIOD IN CASES OF SUCCESSFUL TNOCULATION 


OF INOCULUM; 
MBER OF PARA- 


IN MILLIONS TIME FROZEN IN DAYS INCUBATION PERIOD IN DAYS NUMBER OF 

PER MM.3) MEAN EXTREMES MEAN EXTREMES CASES 
9-19 Be lary 10-102 12.8 9-14 (i 
21-40 ou 6-85 12.6 10-22 14 
11-69 54.4 6-166 Ls 7-16 12 
100-137 96.5 3-59 15.0 12-20 4 


rhe Stage of Development of Parasites.—It is possible that the resistance 
arasites to freezing and thawing and prolonged storage at low temperatures 
{ vary with their age, size, and complexity of structure, that is, with the 
» of development. As a working hypothesis it was assumed that the mero- 
es, or very young trophozoites, might be the most resistant, and the mature 
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trophozoites and schizonts, the least resistant. If that hypothesis were correct 
then we would expect more successes and shorter incubation periods when using 
the younger forms. We have tried to draw blood from donors at times in rela- 
tion to the developmental cycle to provide voung, half-grown, or mature forms 
of the parasites. However, since merozoites are beginning to be liberated, prob- 
ably hours before the mass disruption of schizonts, both young and old forms 
of parasites may be present in considerable numbers near the end of the eyele, 
and differences in results might be expected to be less from samples taken early 
and late than from those taken early and mid-way in the evele. 

It is not possible to decide whether age of parasites had any effect on the 
proportion of successes to failures because the numbers are too few. Suecesses 
and failures both followed inoculation of young, middle-aged, or old parasites. 
When successes alone are considered, there is suggestive evidence that the in- 
cubation period was shorter when the inoculum contained a majority of young 
ring forms than when the majority were mature trophozoites. This is shown 
in Table III, which indicates that when young ring forms predominated the 
incubation periods were grouped around eleven days; when mature trophozoites 
predominated, around fourteen days; and when schizonts predominated with 
some young trophozoites, the incubation periods were grouped around twelve 
days. In other respects the groups are fairly comparable, exeept that the 
average time frozen was much shorter in the mature trophozoite group. 

It is always hazardous to draw conclusions from small differences which 
may exist between small groups, but apparently there is a significant prolon- 
gation of incubation period in the mature over the voung trophozoite groups. 
The difference between the means is 2 + 0.737, the difference being nearly three 
times the standard error. The significance of the difference is further borne 
out by a comparison of results following inoculation of one group of seven 
patients with blood from donor Mi. with another group of four patients inoe- 
lated with blood from Ho. The size of inoculum and duration of preservation 
were essentially equal and the blood had been citrated in both eases. Blood 
trom Mi, showed parasites approximately forty hours old, schizonts, while that 
rom Ho, taken just at the time of the paroxysm showed a majority of parasites 
to be very small ring forms, with a number of mature sehizonts. In the Mi. 
eroup the incubation period averaged 12.7 days, with a range of ten to sixteen 
days, while in the Ho. group the ineubation period averaged 7.7 days with a 

nge of six to ten days. 

Anticoagulation.—Citrated blood was used in thirty-two cases with sue- 

‘ses resulting in 27 or 84 per cent, and defibrinated, in 14 eases, with 13 or 
per cent resulting in malaria; this is not a significant difference, In the 
‘es In which malaria developed there was no apparent significant difference 
incubation periods in the two groups, which were comparable in other ways. 

The speed of freezing and thawing was as nearly identical as possible in 

cases and the conditions of storage were the same in all. 

The Length of Period of Storage——There is no evidence that the length of 

the parasites are kept frozen affects the final results of inoculation. In 

iparing suceessful with unsuccessful inoculations it is found that failures 
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followed freezing periods ranging from 11 to 137 days, and successes followed 

freezing periods ranging from 3 to as long as 166 days. Other factors in the 

two groups were essentially comparable. In considering only successful inocu 

lations, Table IV indicates that the incubation period does not change as the 

duration of freezine increases. 

TABLE IV. THe LENGTH OF STORAGE OF PARASITES IN RELATION TO THE INCUBATION PERIOD 
AND SIZE OF INOCULUM 


SIZE OF INOCULUM; 
PARASITE COUNT IN 


STORAGE PERIOD INCUBATION PERIOD IN DAYS MILLIONS PER MM. NUMBER 

IN DAYS MEAN EXTREMES EXTREMES OF CASES 
3-10 12.2 9-16 9-64 6 
11-20 13.2 10-20 9-137 e 
22-28 12.0 10-16 13-225 7 
37-59 12.1 6-17 13-100 7 
70-166 12.1 8-22 17-69 7 
3-166 12.4 6-22 9-225 38 


Incubation Period.—In thirty-eight patients who developed malaria, the 
incubation period, when it could be accurately determined, varied between six 
and twenty-two days, the mean being 12.4 days. This would seem to be some 
what prolonged over that following the direct transfer method. Moore® stated 
that with the latter using an inoculum of 1 to 10 ml. the average incubation 
period is three to eight days. We have had only one opportunity to draw a com 
parison between the two methods. Using direct transfer the incubation period in 
one recipient was forty hours; with the same blood preserved and inoculated into 
a different patient, 10 days. It seems likely that the destruction of many plas 
modia as a result of the freezing and thawing process, rather than a host factor 
was responsible for the prolongation of the incubation period. 

The success or failure of attempts to produce malaria in equally susceptibl: 
subjects with blood preserved by freezing and the incubation period must depend 
upon the number of viable parasites surviving, Although available data a 


insufficient, we have the impression that one important factor in determining 
the number of parasites surviving is the stage of development, and that mero 
zoites or voung trophozoites are more resistant than older forms. 

Evidence also has been obtained that infectiousness is not affected adverse! 
by repeated freezing. One strain has been passed serially through six patients 
the preservation process being repeated each time, without a significant chang 
in incubation period. Repeated freezing and thawing of the same specime! 
of blood have not been attempted. 

Reactions to Inoculum.—The preservation process results in almost con 
plete hemolysis of the red blood cells; smears after thawing show only an occ: 
sional intact cell. The staining properties of the malarial parasites also appea! 
to be affected for, after thawing, the latter are poorly stained by either Wright 
or Giemsa’s method. Despite these rather marked alterations resulting fro! 
the preservation process, no untoward effects directly attributable to the ino 
ulum have been observed following intravenous injection of the relatively sma 
amounts (4 to 10 ml.) emploved. 
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Clinical Course of Malaria—The clinical course of the disease resulting 
from inoculations with preserved parasites has in no way differed from that 
seen following the direct inoculation of whole blood. Striking individual differ- 
ences in the severity of the disease have been observed, some patients exhibiting 
a low parasitemia and tolerating the infection well. Others have had fulminating 
infections, high parasite indices with red blood cells containing as many as three 
to five parasites, terminating in peripheral circulatory collapse which neces- 
sitated interruption of treatment. This individual variation to infection is 
believed to be related to host rather than to parasite factors. There have been 


no fatalities in this series of cases. 
CONCLUSIONS 


1. Preservation of viable parasites of vivax malaria for many months by 
a simple method of quick freezing, storage at low temperature (—70°), and 
quick thawing has provided a constantly available supply of parasites in the 
St. Louis area during the past year. 

2. Among forty-six subjects inoculated with preserved blood, forty, or 
87 per cent, subsequently developed malaria. 

3. The incubation period in those cases of malaria in which an aceurate 
determination was possible averaged 12.4 days, ranging from six to twenty- 
two days. Malaria was first proved in two additional subjects, forty-five and 
seventy-eight days after inoculation, although both had slight temperature 
elevations at ten to fourteen days at which time parasites were not found in 
blood films. 

4. The incubation period probably is directly related to the number of 
parasites surviving preservation, which in turn appears to be inversely related 
to the age of parasites; younger forms of parasites are apparently more resis- 
tant te freezing and thawing. 

5. The ¢liniecal course of malaria does not appear to differ in any way 
from that following infection with fresh parasitized blood. 

The authors wish to thank Dr. Louis Kohler, Superintendent of the Missouri State Hos 


ital, and especially Dr. Leopold Hofstatter of the same institution, and Dr. Alfred K, Baur of 
lefferson Barracks Hospital for their assistanee in providing subjects for inoculation. 
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LABORATORY METHODS 


SPUTUM CELL STUDY FOR PULMONARY CARCINOMA AS 
A ROUTINE LABORATORY TEST 


Burton A. Suatrz,. M.D... Martin BerGMann, M.D.. AND S. H. Gray, M.D. 
Sr. Louris, Mo. 


LTHOUGH the examination of sputum for neoplastic cells as an aid in thi 
A early diagnosis of carcinoma of the lung has become well established,‘ 
it is still not being carried out in most laboratories as a routine procedure. Thi 
reasons for this hesitaney are understandable. Fear of the harm that might be 
wrought by a false positive diagnosis, the feeling that specialized cytologic know! 
edge is required, and the long time frequently necessary for the adequate stud) 
of a single case have acted as deterrents. Thus, while there are at present a few 
laboratories in which this technique for early diagnosis of cancer is being ap- 
plied very successfully, it is not vet available to most physicians. 

To stimulate more widespread use of this valuable diagnostic aid, perhaps a 
more practical approach to this problem is needed. It has been our experienc: 
that the great majority of positive sputum diagnoses are based on cells which 
have easily recognizable neoplastie characteristics. It was suspected that )) 
confining positive diagnoses only to the relatively obvious eases, the sputun 
examination might prove to be more adaptable to routine use in a elinieal labo 
ratory without fear of false positive diagnoses, and at the same time retain 
useful degree of accuracy. 

To test this suspicion, a group of forty consecutive cases of proved cat 
cinoma of the lung, in which sputum examinations were done, were analyzed 
It was found that in twenty-nine cases (72 per cent) the sputum contained 
obviously malignant cells. While this percentage of positive results is lower thar 
that reported by some authors,* ® it is still high enough to be of distinet clinica! 
value. Thus, in seven of the twenty-nine cases in which we demonstrated ne: 
plastic cells in the sputum, bronchoscopy had been entirely negative, and histo 
logic proof of the suspected presence of a lung tumor could not be secured b 
any other means short of exploratory thoracotomy. It would appear that b 
restricting positive diagnoses only to those patients whose sputa contain easil 
identifiable malignant cells, and by reporting all others as negative, the sputu 
examination should become practical for more general adoption. This pap 
outlines the technique of preparing sputum slides, describes and illustrates t! 
cellular elements encountered, and sets forth the characteristies of the obvious 
malignant cells. 

From the Laboratory of The Jewish Hospital of St. Louis. 
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TECHNIQUE 

The technique has been described in other publeations,?: ! but certain points bear 
emphasis. The proper collection of the specimen is one of the most important steps in the 
sputum examination. Due care exerted in this part of the procedure will be rewarded by 
noticeably better results and will save the examiner a great deal of time spent in unfruit 
ful search of specimens containing almost no bronchial secretions. The patient must be 
nstructed to cough up material from the tracheobronchial tree and must not be allowed 
to present the examiner with saliva or nasopharyngeal secretions as a specimen, Material 
from the patient’s bedside sputum cup is usually not satisfactory, due to the dilution of 
whatever bronchial secretions there are with a relatively large amount of saliva. We 
have found it advisable to have a well-instructed technician or nurse obtain the specimen 
directly from the patient. 

Storage.—Ilt is best to smear and fix the specimen as soon after collection as possible. 


n the refrigerator for 


However, when necessary, a specimen may be allowed to remain 
four to six hours without appreciable deterioration. 

Preparation of Slides —The specimen is poured into a Petri dish placed on a black 
background, An effort is made to find small fragments of tissue and blood-tinged material. 
Samples of the various components of the sputum are selected and placed on a glass slide. 
\ fairly thin and uniform film is obtained by smearing the material with a second glass 
slide. Ordinarily five slides are prepared from each specimen. 


Firation.—Fixation of the film is accomplished by immersion for at least thirty minutes 


na mixture of equal parts of ether and 95 per cent alcohol. It is important for the preser 
vation of cellular details that no drving of the film be allowed to occur before it is fixed. 
‘he slides should be placed in the fixative while still wet. 

Staining.—The stain employed is hematoxylin and eosin. This stain presents two im 
portant advantages over other stains that have been advocated for use in this work. First, 
it allows the staining of sputum slides to be carried out simultaneously and by the same 
technique as other routine slides. Seeond, it relieves the pathologist of the necessit Vv of 
familiarizing himself with a new stain. From the ether-aleohol mixture the sputum slides 
are transferred to 95 per cent aleohol for one minute and from then on are handled as are 


rdinary tissue sections. In our laboratory this consists of the following: 


1. Water for one minute 

2. Harris hematoxvlin for one minute 

o>. Water for one minute 

t. Dip in acid alcohol 

5. Water for one-half minute 

6. Ammonia water till blue 

7. Water for one-half minute 

8. One-half per cent aqueous eosin for two minutes 

9. Dip in water 

10. Dip in inereasing concentrations of alcohol 
to absolute alcohol 

11. Beechwood creosote for five minutes 


12. Xvlol five minutes 


slides are then coverslipped with the use of Clarite. The preparation of the slides, 
on, and staining ean easily be handled by a technician. The examination of the slides 
sts of scanning with the low-power objective, using a mechanical stage so that all 
s of the preparation are seen. Suspicious elements are studied with the high-dry 
tive, 


NORMAL CELLS IN SPUTUM 
All sputum specimens, regardless of the underlying pulmonary disease, con- 


) 


normal cells which ean be classified according to their place of origin. 
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Cells From the Blood.—The erythrocytes and leucocytes encountered in the 
sputum are as easily identifiable as in the usual tissue sections. Occasionally, 
when the sputum is purulent, the number of leucocytes is So great as to obscure 
the other cellular elements. In these instances it has been our policy to recom 
mend a course of penicillin therapy to reduce the number of inflammatory cells 
and thereby facilitate proper sputum examination. 

Cells From the Mouth and Pharyne. Plate I, 7.) These cells arise from 
squamous epithelium and are large and polygonal in shape. They contain an 
abundant amount of pale pink cytoplasm, with smal] centrally located nuclei 
The nucleus is usually light blue, round to oval in shape, and surrounded by a 
distinct nuclear membrane. It has a finely granular chromatin network and 
may have a small distinet nucleolus. The eytoplasm may contain numerous in 
vading bacteria. These squamous epithelial cells may occur singly or in sheets 
The number of these cells present is a good index of the amount of saliva con 
tained in the sputum. Their identification offers no difficulty. 

Cells From the Epithelium of the Tracheobronchial Tree—( Plate 1, 2 and 
3.) The tall ciliated columnar cells which line the trachea and bronehi are fre 
quently present in the sputum and may occur singly or in clumps. The basal 
end may be drawn out into a long filamentous process. The nucleus is basally 
located, homogeneous in appearance, and stains deep blue. As many as thre 
nuclei have been observed in a single cell. When these columnar cells oeew 
singly and are not influenced by the presence of surrounding cells, they may 
assume a spherical shape. The ciliated border ean be made more distinet by 
decreasing the aperture of the substage condenser. Goblet cells may be 
seen in the sputum. They can be recognized by the presence of a large mucigen 
droplet in the distal part of the cell, as seen in Plate I, 3. 

Macrophages.—(Plate I, 4, 5, 6.) These are large round cells whieh ma) 
occur singly or as clusters of individual cells and are found in almost all sputa 
They contain moderate-sized nuclei and abundant cytoplasm. The nuclei may 
he round, oval, or bilobed and usually have small nucleoli. However, at times 
the nucleolus is quite prominent. The chromatin is rather evenly distributed 
throughout the nucleus. Occasionally multinucleated giant macrophages ar 
seen. The cytoplasm may be clear or may contain a variety of ingested particles 
and vacuoles. The blood pigment-containing cells (heart failure cells) hav 
heen found to be associated not only with chronic passive congestion of the lungs 
but may also be found in a variety of conditions, especially those in) whic! 
hemoptysis has occurred. 

NEOPLASTIC CELLS 

There are certain characteristics which most cancer cells have in common 
regardless of the type of tumor from which they arise. These are as follows 
(1) Neoplastic cells tend to occur in groups or tumor fragments. (2) Marked 
hyperchromasia of the entire cell is an outstanding characteristic and serves t: 
make the malignant cells conspicuous even under low power magnification, (3 
There is complete loss of polarity in the arrangement of neoplastic cells in 
tumor fragment. (4) There usually is marked variation in the size and shape o 
malignant cells and their nuclei in any one tumor. (5) The nuclei of tumo 
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cells are generally large relative to the size of the cell. Multiple nuclei are not 
uncommon. (6) The nucleoli are large, distinet, often multiple, and may take 
a pink stain in contrast to the dark blue color of the nuclei. (7) Malignant cells 
may be phagoeytie and it is not unusual to find one malignant cell ingested by 
another (Plate IV, 18). (8) Neoplastie cells may contain large, deep blue cyto- 
plasmie bodies, which are known as bird’s-eve inclusions of Leyden (Plate LV, 
20). The nature of these bodies has not been established, but it is thought that 
they probably arise from the multipheation of centrosomes, or that they are 
retained seeretory products of the cell. The neoplastic cells in the sputum fall 
into two major categories: undifferentiated and classifiable. 

1. Undifferentiated Cells—(Plate Il, 9.) These are tumor cells which 
possess only the described general characteristics. They arise from a_ totally 
undifferentiated tumor or from undifferentiated portions known to occur com- 
monly in squamous carcinoma, adenocarcinoma and small-cell carcinoma. There- 
fore, undifferentiated neoplastic cells in the sputum may or may not reflect the 
predominating histologie character of a tumor. Conversely, a histologically dif- 
ferentiated tumor can give rise to both undifferentiated and classifiable elements 
in the sputum. 

2. Classifiable Cells —These cells, in addition to the general characteristics 
of neoplastic cells, have certain distinguishing features which allow one to 
classify them as to the type of tumor from which they arise. (a) Squamous ear- 
cinoma cells (Plate II, 10, and Plate IIT, 77, 72). The squamous carcinoma cells 
tend to be elongated in shape. The nuclei are usually oval to spindle-shaped, but 
may be round, and have a dense, coarsely granular chromatin structure, Nucleoli 
may be single or multiple and are usually very prominent, large and pink- 
staining. The two characteristics that are diagnostic of this type of tumor 
are keratinization of the cytoplasm, which imparts to it a deep-pink to red 
color, and the arrangement of the tumor cells in whorls. True epithelial pearls 
are not uncommon. (b) Adenocarcinoma cells (Plate II], 73, 74). Cells of 
this type are usually rather large and round or oval in shape. The nuclei are 
round, frequently multiple, and commonly contain one or more small discrete 
nucleoli. Occasionally single large nucleoli are seen. The eytoplasm is usually 
ibundant and several small, or one or two large, clear droplets of secretion are 
resent. Seeretory vacuoles are the only valid eriterion for the diagnosis of 
denocarcinoma unless one finds malignant cells forming true acini. This ar- 
ungement, however, is quite rare. (¢) Small-cell carcinoma (Plate IIT, 735). 
small-cell carcinoma cells are the smallest of the malignant cells in the sputum. 
"hey are round or elongated in shape and of fairly uniform size. The nucleus 

is the cell almost completely, so that only a narrow rim of cytoplasm is detect- 
Je. The nucleus is finely granular; moderate-sized single nucleoli are the rule. 
» the untrained eve these cells resemble large lymphocytes, except that they 
‘cur as fragments of tissue. 

DISCUSSION 


In applying the described criteria for malignant cells to the examination of 
utum, one must be aware of certain pitfalls which may cause erroneous diag- 
oses. Overstaining with hematoxylin may so obscure the structure of the 
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nuclei as to render adequate study difficult and to make it impossible to ap 
preciate hyperchromasia, because all the nuclei, benign or malignant, will appear 
dark blue. One of the important criteria of malignancy is thus lost. 

Another possible source of error may be the presence of degenerating norma! 
cells. The changes brought about by this process include hyperehromasia and 
swelling of the nucleus, vacuolization of the evtoplasm, and changes in size and 
shape of the cell. Degenerating normal cells may thus assume what appear to 
he characteristics of malignancy. But careful observation will disclose loss ot 
distinet cellular and nuclear outlines and loss of nuclear detail. Frequently, in 
the close vicinity one finds similar but better preserved benign cells, and others 
which are obviously and more completely degenerated. Occasionally macrophages 
which have no visible ingested material in their evtoplasm and whose nucleoli are 
rather prominent are encountered. Such cells may simulate undifferentiated 
neoplastic cells, or, if they contain vacuoles, cells arising from adenocareinoma. 
However, phagocytes oceur only as individual cells and are not hyperchromatic 
and similar cells with ingested material can usually be found in the immediate 
vicinity. 

In chronic infectious diseases the normal bronchial epithelium may undergo 
squamous metaplasia (Plate 1,7). Fragments of the metaplastic epithelium are 
frequently exfoliated into the sputum and may resemble bits of well-differenti 
ated squamous carcinoma. However, these cells are arranged in an orderly 
fashion, have a definite polarity, and usually do not contain visible nucleoli. As 
a result of degeneration, they may show both hyperchromasia and variation in 
size and shape of the nuclei. However, the cause of these characteristics becomes 
evident when one notes the loss of nuclear structure, distinet nuclear outline, and 
vacuolization of the eytoplasm. 

Occasionally one is tempted to make a positive diagnosis on the basis of one 
or two single cells which have all the characteristics of malignaney. It is wise 
in such instances to withhold the final diagnosis until further specimens ean be 
examined. In almost every case one will eventually find either numerous other 
similar cells or small fragments of tumor tissue. It has been shown that the 
examination of three separate sputum specimens will vield about 96 per cent of 
the positive diagnoses.” However, if the clinical history and roentgenographic 
studies strongly indicate malignancy, and especially when bronchoscopic biops) 
is impossible, as in upper lobe lesions,' it is often desirable and worth while to 
repeat the examination several more times. 

The diagnosis given to the clinician should he concise and explicit. We fee! 
that the grouping of cells as to the probability of malignaney is confusing and 
even dangerous. Unless the pathologist is absolutely certain that carcinoma cells 
are present in the sputum, he should render a negative report. Care should bé 
taken to advise the clinician as to the significance of positive and negative re 
ports. The presence of cancer cells in the sputum is not a priori evidence of 
primary bronchogenic carcinoma. The cells may arise from carcinomas of thi 
mouth, pharynx, nasopharynx, larynx, esophagus, trachea, or from pulmonary 
metastases, and in such instances cannot be differentiated from cells of primary 
bronchogenic neoplasms. Above all, one must be aware of the fact that failur 











PLATE I* 


~ 


, Squamous epithelial cells. 

, Bronchial epithelial cells. 

}, Goblet cell with large mucigen droplet in the cytoplasm. 

4, Macrophages, some with ingested particles. 

5, Giant multinucleated macrophage with cytoplasmic vacuole. Note neutrophile for 


parative size. 





6, Giant multinucleated macrophage with numerous ingested particles. 

7 a and b, Squamous metaplasia of bronchial epithelium with degenerative changes. 
eases of bronchiectasis. 

*All photographs were taken under oil immersion lens (1320) except where noted. 














8, Conspicuous hyperchromatt 
140), 
9, Undifferentiated cells from: 
10, 


Squamous carcinoma. 





PLATE II 


tumor fragments as seen under low-power 
(a) Undifferentiated bronchogenic 
(b) Squamous carcinoma, 


(c) Adenocarcinoma, 


magnification 


carcinoma. 


(6) Mitotic ftgure. 


(a) Large fragment of tumor (high-dry magnification : 


(X610). 








12, 
13; 
it; 
15, 
16, 
iy; 


» Squamous carcinoma, 


Squamous carcinoma. 
Adenocarcinoma. Note 
Adenocarcinoma. Cells 
Small-cell carcinoma. 
Undifferentiated carcin¢ 
Squamous carcinoma, 


PLATE III 


Note elongated large tumor cells, 
Epithelial pearl. 

multinucleated cells and vacuolated 
With secretory vacuoles, 

Note resemblance to lymphocytes. 
yma. Two mitotic figures. 

Atypical nuclear division, 





cytoplasm. 
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18, Adenocarcinoma. One tumor cell phagocytized by another. 


19, Adenearcinoma. Tumor cells phagocytized by large macrophage, Note pale nucleus 
macrophage just below upper group of ingested malignant cells. 
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PLATE IV 


20, Adenocarcinoma, Bird's-eye inclusion. 
21 a, b, and ¢, Squamous carcinoma. Unusual configurations of tumor cells, 
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to find malignant cells in the sputum does not rule out carcinoma and should be 


disregarded if the weight of other clinical or radiologie evidenee favors this 


diagnosis. 


CONCLUSION 


Easily recognizable malignant cells occur in the sputa of more than 70 per 


cent of cases of pulmonary cancer. When one restricts positive diagnoses to 


these comparatively obvious cells the danger of false positive diagnoses is re- 


dueed to a minimum while at the same time the test retains a good degree of 


accuracy. With the realization of these facts, sputum examination becomes more 


suitable for widespread adoption as a routine laboratory procedure. 
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A MICROADAPTER FOR THE EVELYN MACROCOLORIMETER 


ESTHER F. Freier, B.S., AND EvreL A. LARSON, M.D., PH.D. 
MINNEAPOLIS, MINN, 


HE Evelyn macrocolorimeter’ requires the use of a minimum volume of 6 €.¢ 

of solution in order to obtain a satisfactory colorimetric reading. It would 
he advantageous in some elinical procedures, such as the Evans blue dye blood 
volume method, to obtain a reading on a much smaller volume. The Evelyn 
microcolorimeter,? which allows colorimetric readings with volumes of solution 
ranging from 0.1 to 2.0 ¢.¢. is technically difficult to operate ; therefore, its appli 
cation to routine laboratory procedures is limited. 

In order to obviate the inherent difficulties of the Evelyn microcolorimeter 
the mieroadapter described here was designed to permit readings on volumes as 
low as 1 ¢.c. with the Evelyn macrocolorimeter. Flat-bottomed microcolorimete! 
tubes,* 10.8 mm. in inside diameter, can be used with the adapter, in the Evelyn 
macroinstrument. 

Construction.—The adapter, shown in Fig. 1, is constructed of bakelite 
The outside diameter is 22 mm. which permits easy removal from and insertion 
into the bakelite tube sleeve of the Evelyn. The projection on the bottom of the 
adapter fits into a slot cut in the inside bottom of the tube sleeve and locks the 
adapter in place with its aperture opposing the 6 ¢.c, aperture of the tube sleeve 

The aperture of the adapter is cut slightly larger than that of the tub 
sleeve, so that the sleeve aperture determines the light path. The inside diam 
eter of the adapter, 12.3 mm., was chosen to accommodate the mierotubes. The 
cut-outs along the side of the adapter permit the operator to guide the tube, 
which is 414 inches in length, as it is put into or taken from the adapter, Th¢ 
adapter has an over-all] length of 7 and 7/16 inches ineluding the 3/16 incl 
projection, 

Performance.—The microtubes are calibrated for equality of transmission 
in the same manner as Evelyn tubes. To obtain a center setting the adapter 
need be only partially removed until clear of the light beam through the sleeve 
aperture; this maneuver permits rapid checks of both center settings and 
readings. 

Readings were made with the Evelyn macrocolorimeter with and without 
the adapter, using the same Evans blue solutions in serial concentrations from 
0.0015 mg. per cubie centimeter to 0.0105 mg. per eubie centimeter. One series 
of results is presented in Table I. The ‘*L values’’ (photometrie density) ob 
tained with the adapter were multiplied by 19.5/10.8 (the ratio of the diameters 
of the Evelyn and microtubes) in order to compare the two sets of readings. It 
may be noted that density values obtained with the adapter, when corrected in 
this manner for the difference in diameter, agree quite closely with those ob- 
tained without the adapter. 

From the Laboratories of the University of Minnesota Hospitals. 

Received for publication, Aug. 4, 1948. 

—ae from Hellige, Inc., Long Island, N. Y., under the name Hellige-Diller Micro 
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Fig. 1.—An oblique view of the adapter. 











1596 FREIER AND LARSON 


TABLE I. COMPARISON OF EVELYN MACROCOLORIMETER READINGS WITH AND WITHOUT ADAPTEI 


lL VALUI 
WITH ADAPTER 
CONCENTRA CORRECTED FOR 
TION OF DYE | READING L VALUE READING L VALUE DIFFERENCE IN 
SOLUTION | WITHOUT WITHOUT WITH WITH DIAMETER OF 
(MG./C.C. ADAPTER ADAPTER ADAPTER ADAPTER TUBES 
0015 85 0667 9] 0374 0675 
.0030 74 .1278 85 0706 1275 
0045 662 AVia 79 0982 1772 
0060 572 2384 73 1367 .2434 
0075 51 .2924 67 1691 305 
0090 15 347 64 1922 47 
0105 10) 398 59 29] .412 


In addition, for any given concentration of Evans blue solution, the adapter 
gave the same reading with a volume of 1, 2, or 5 ecubie centimeters. It appears 
that use of the adapter successfully increases the volume range of the Evelyn 
macrocolorimeter from 6 ¢.¢. down to 1 cubic centimeter. 

SUMMARY 

A microadapter for the Evelyn macrocolorimeter has been described which 
permits readings on volumes of solution as low as 1 cubie centimeter. Evidence 
has been presented to substantiate the validity of results obtained with the 
adapter. 
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VENOUS CATHETERIZATION WITIE POLYETHYLENE TUBING 


SAMUEL L. Cresson, M.D.,* AND WintiaAmM W. L. GLENN, M.D.1 
PHILADELPHIA, Pa. 


HK use of polyethylene tubing in the catheterization of veins has been re- 
ported by Zimmermann! and Meyers.” It is the purpose of this communica- 
tion to deseribe and evaluate a method ot takine samples of portal vein blood 
in the ambulatory dog, and to record some of the observations made on the 


intimal reaction to the plastie polvethylene.i 


TECHNIQUE 


Under general anesthesia with 5 per cent Nembutal, a transverse right subcostal muscle 


The peritoneum is dissected free by blunt dissection and 


> 


splitting gridiron incision is made 
reflected medially. The portal vein is approached retroperitoneally and is then followed 
cephalad toward the hepatic border. 
A site is selected just cephalad to the mesenteric radicals in the main 
A 


purse-string suture of fine black silk is placed, but not tied, in the vein wall. Then a No. 


The peritoneum is frequently opened just as the portal 


vein is approached. 


trunk of the vein, The loose areolar tissue is dissected away, exposing the vein wall, 


16 gauge needle is thrust through the center of the purse-string suture, with the end of a 


small ealiber polyethylene tube about 12 inches long inside the needle bore, but not project 


ing beyond the needle bevel (Fig. J Tubing with an internal diameter of 0.028 inch has 
been found most satisfactory. After piercing the vein wall, the cannula is pushed through 
the needle bore into the lumen of the vein for about 8 centimeters. 
pulled out of the vein and the polyethylene tubing is held stationary by 
the purse-string suture is tied. 


The needle is then 


‘a pair of thumb 


forceps. As the needle is pulled clear of the plastic tubing, 
‘he plastic tubing is then aspirated. If aspiration is adequate, several loops of the suture 
are placed around the tubing, slipped down next to the vein wall and tied again. Sterile 


by heating the tip of 


ne is injected into the tubing and the end of the tubing sealed 
the tubing and then pinching it with forceps while still hot. The same procedure may 
e used for inferior vena cava catheterization. 

We have used as a criterion of an adequate catheterization the aspiration of 5 e.c. 
lood in thirty seconds, 
The tubing is brought out retroperitoneally through a separate stab wound and the 
sion closed. The tubing external to the skin is coiled and is held in place with a piece 


gauze saturated with collodion. <A firm body-encireling adhesive dressing is then applied. 


RESULTS 
We have performed twenty-four portal vein catheterizations in twenty dogs. 
‘first attempt at aspiration of the vein catheter usually was made seven days 
er insertion. In four, no blood could be aspirated on the first or subsequent 
ls. In eleven, either the animal pulled the tubing out, or the tubing fell out, 
he dog died before aspiration was attempted. A number of the failures could 
Krom the Department of Surgical Research, Jefferson Medical College 
Received for publication, Aug. 24, 1948. 
Resident in Surgery, Pennsylvania Hospital. 
‘Associate in Surgery, Jefferson Medical College. 


experiments was purchased from the Surprenant Elec 
us as pure polyethylene without 


The polyethylene used in these 
Insulating Company, Boston, Mass. It was furnished 
ldition of a plasticizer, 
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be attributed to preventable errors in technique. The remaining nine catheteri 


zations functioned well for an average of twenty-one days after catheterization 
The maximum time adequate blood samples were obtained from the portal vein 
was thirty-four days. In several animals the portal vein was suceessfully cath 


eterized two or more times at intervals of several weeks. In only one animal did 





Technique of insertion of fine polyethylene tubing into portal vein lumen 


complete thrombosis of the portal vein result, and this followed three separati 
catheterizations of the portal vein at two- to three-week intervals, the last tub 
having been left in the vein for two months. 

Although adequate specimens of blood were aspirated for prolonged periods 
in 37.5 per cent of the experiments, some degree of reaction to the polyethylene 
tubing was noted in every case where the portal vein was examined. 

The first reaction to the polvethylene tubing was the formation of a throm 
bus surrounding the intraluminal portion of the tubing (Fig. 2). Later, fibrous 
tissue was laid down over the tube with puckering of the adjacent intimal lining 

Fig. 3.) These events took place in from two to four weeks after the tubing wa: 
inserted into the vein lumen. In one instance the tubing was completely ex 
cluded from the vein lumen by fibrous tissue at three weeks. The tip of th 
tubing remained free in most eases, however, although an area of granulation 
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At 


VENOUS 


was sometimes seen on the intima adjacent to the free tip of the tubing. 
tempts to obtain blood samples over periods of several days from veins of small 
It is evident from 


size catheterized with polyethylene tubing were unsuccessful. 
Figs. 2 and 3 that the lumen of a small vein may become occluded promptly. 











dog 


to sacrifice of the 





Polyethylene tubing inserted into portal vein four days prior 
Note the thrombus formation surrounding the intraluminal portion of the tubing. 


to sacrifice 
puckering 
through 


prior 
and 
were aspirated 


days 
Scarring 





portal vein twenty-two 


points to open end. 
portal blood 


into 
arrow 
Samples of 


Fig. 3.—Polyethylene tubing inserted 
the dog. Note coiling of excess tubing; 
ntimal lining around polyethylene tubing. 
for fifteen days. 


ng 


DISCUSSION 
It is apparent from these experiments that catheterization of large veins 
ay be earried out with polyethylene tubing of small caliber and that satisfac- 


ry blood samples may be obtained over a period of approximately three weeks 
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Fig. 4A.—Microphotograph of portal vein x16. Polyethylene tube inserted into vein 
twenty days prior to sacrifice of dog. 1, Lumen of vein. 2, Junction of intimal surface of vein 
wall and tissue overlying polyethylene tube. See Fig. 4B. }, Fibrous tissue surrounding space 
where polyethylene tube lay. Tube dislodged or dissolved during preparation of histologic 
section. 


Repeated catheterizations are possible although there is evidence that increasing 
damage to the vein wall results. The use of polyethylene tubing is an improve 
ment over the London cannula* for larger vessels but is not satisfactory for 
vessels of small size. 

There has been some controversy over the tissue reaction to polvethylene. 
Ingraham and co-workers' emphasized the slight tissue reaction to this plastic 
in the pure form. They believed that the marked fibrous tissue response noted 
by Poppe and de Oliveira® to sheets of polyethylene was due to the presence of 


‘ insisted on pure poly 


a plasticizer. For this reason Ingraham and associates 
ethylene to which they found only slight reaction when it was buried in cerebral 
tissue of various experimental animals. Zimmermann! did not indicate whether 
he used polyethylene in the pure form, but it is of interest that in two of the 
four experiments where the veins were examined, thrombosis was found. He 
was not certain whether this reaction was due to the tubing per se or to the in 
fused fluid. There was no infusion of fluids in any of the experiments recorded 
here except the small amount used to flush the tubing out at the beginning and 
end of each aspiration. The reaction to pure polyethylene when placed in thi 
lumen of a blood vessel may, however, differ from the reaction in soft tissues 
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1B.—Microphotograph of junction of vein wall and fibrous tissue surrounding 


poly- 
ethylene tube. Tube is no longer present. ( 100.) 


ie to the formation and subsequent organization of a blood clot surrounding the 
bing. It was our impression that the fibrous tissue reaction to the tubing was 


rogressive and that the longer the plastic remained in the lumen of the vessel 


e more pronounced the reaction became (Figs. 44 and 4B). This suggests the 


sibility of using this material intraluminally for the gradual occlusion of 


teries. 
SUMMARY 

The catheterization of the portal vein for the purpose of obtaining blood 
iples from the ambulatory dog over prolonged periods can be satisfactorily 
formed with small caliber polyethylene tubing. The retroperitoneal approach 
the portal vein lessens the period of postoperative discomfort and renders the 
mal available for study at an earlier time. The inferior vena cava is exposed 
ultaneously by this approach and may also be catheterized. 

The presence of pure polyethylene in the lumen of a vein results in a fibrous 
sue response that tends to exclude the tubing from the lumen of the vessel 
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with narrowing of the lumen of the vein. It is not clear how much of the fibrous 


{issue reaction is due to the organization of the thrombus that surrounds thi 


The fact that the fibrous tissue reaction appears to be progressive, how 


tubing. 
ever, would seem to indicate that polyethylene per se possesses some irritativé 


action in blood vessels. 


The authors wish to acknowledge the helpful advice of Dr. C. Martin Rhode and D: 
William M. Parkins of the Harrison Department of Surgical Research, University ot 


Pennsylvania. 
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SCREW SYRINGE* 


ARNOLD LazarRow, M.D., PH.D. 
CLEVELAND, OHIO 


A METHOD for carrying out microcolorimetrie capillary tube analysis has 


heen deseribed using pipettes similar in construction to the white blood 
cell counting pipettes.'’? The screw syringe was devised for more precise con 
trol of the flow of fluid within the eapillary tubes. This screw syringe also ean 
be used to improve the accuracy of diluting blood for cell counts, for controlling 


the flow of liquids in mieropipettes (.001 to .1 ¢.e.), and for controlling the 
flow of radioactive and other toxie agents within ordinary pipettes, thus avoiding 


the danger of sucking noxious materials into the mouth. 


CONSTRUCTION 
The syringe consists of the following parts: Kies. 1 and 2) A rubber collar (4 
contained within the collet (/) fixes the pipette firmly in place when the 


collet is tightened. 
The body of the control device (D) contains the plunger (F) as well as the screw control 
Kk) for this plunger. Two doughnut-shaped ‘‘O’’ rings (J and J) seal the plunger within 
the body (D)) and within the screw control (/). Beeause **O”*’ 


ring (J) is compressed more 
than as. SQ’? 


ring (J),+ the plunger (F) will turn with the control screw (/) upon rotating 
the Jatter, and this provides the delicate control of the liquid within the pipette. However, 
the plunger can be withdrawn directly from the body without the use of the control screw (F: 


and this provides a coarse adjustment for the fluid volume. An air vent avoids the displace 
ment of the liquid within the pipette when the latter is removed from the collet. The ‘£O”’ 
ring IT is placed within the body of the svringe and seals the vent hole (G@), when the collan 


is loose. When the collar (C) is tightened, the ‘*O°*’ 


( ring is distorted, the hole in the 


dy (D) is uncovered, and the vent is open. The capacity of the screw syringe is 3 cubic 
entimeters, 


USE OF CONTROL DEVICE FOR BLOOD COUNTING AND BLOOD CHEMISTRY 
MICROPIPETTES 


The collet, containing an appropriate rubber adapter, is attached to the 
yringe body; the pipette is inserted and fixed in place by tightening the collet; 
he air vent is closed by loosening the collar (C); and the apparatus is ready for 
ise. By means of control screw (Ff, Fig. 3), a drop of blood is sucked into the 
tem of the pipette slightly above the mark; the excess blood is wiped off the tip 

the pipette, and the blood is adjusted precisely to the mark by simultaneously 
tating the control screw and wiping the tip of the pipette on the operator's 
nger. The tip of the pipette is then placed in diluting fluid (Fig. 4) which is 
icked into the bulb of the pipette by withdrawing the plunger (/’). As soon as 
e meniscus approaches the upper capillary tube of the pipette, the serew con- 
| (EE) is used to accomplish the final exact adjustment. The pipette is re- 


From the Department of Anatomy, Western Reserve University. 
Received for publication, Sept. 2, 1948. 


*The screw syringe is available from the Micrometric Instrument Company, Cleveland, 


‘The use of the differential “O” ring pressure 


Was suggested by A. Howard of the Micro- 
ric Instrument Company. 
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moved from the diluting fluid and the tip carefully wiped with the finger or 
Kleenex. If Kleenex is used, one must avoid placing it against the tip of the 
capillary in order to avoid withdrawal of fluid by capillary action. 

The index finger of the left hand is placed over the tip of the pipette, and 
while holding the bulb of the pipette between the thumb and middle finger, the 


body of the serew syringe is rotated with the right hand, and the pipette is 


























Vv 


Fig. 1 





Fig. 1.—Screw syringe with micropipette inserted. 


Fig. 2.—Construction of screw syringt 
removed. The finger seal prevents the displacement of the fluid within the eapil- 
lary during removal. An alternate method for removing the pipette from the 
screw syringe utilizes the vent. The pipette and its holder are placed in a near 
horizontal position; the air vent is opened; the collet is loosened; and the pipette 
If placed. in an absolute horizontal position, some pipettes show a 


is removed. 
The upward displacement is 


slight upward movement of the contained liquid. 
due to the fact that adjustment to the upper mark was made in the verticle 
position against the hydrostatic pressure of the liquid in the pipette, whereas in 
the horizontal position this pressure no longer exists. However, if the pipette 
is held at a slight angle, 5 to 20 degrees to the horizontal, the liquid will not rise 
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above the mark, nor will it run out of the pipette when the vent is opened. 
This all ean be accomplished without in any way affeeting the position of the 
meniscus within the micropipette. 





Fig. 3. Fig. 4 


Fig. 3.—Measuring a drop of blood in the micropipette with the fine control screw (£} 
Fig. 4.—Diluting the blood in the bulb of the pipette, using the plunger (fF). 


USE OF SCREW SYRINGE WITH 1 OR 2 €.C, PIPETTES FOR RADIOACTIVE 
OR OTHER TOXIC LIQUIDS 

The pipette is inserted into the collet and the vent is closed. By means of 
e plunger (F') the liquid is sucked up into the pipette above the desired mark ; 
e outside of the pipette may be wiped, if desired; the tip of the pipette is then 
aced against the side of the bottle, and the final adjustment to the mark is 
de with the serew device. The pipette is transferred to the desired container; 

vent is opened, and the pipette allowed to drain by gravity. 
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69. THE CRYSTALLIZATION OF SEROTONIN 


IrnvINE H. Pace, M.D., Maurice M. Rapporr, M.D. (By INviratrion), AND 
ArpDA ALDEN GREEN, M.D. (By INviration 
(CLEVELAND, OHIO 


When organs are perfused with blood or serum, progressive vasoconstriction 
often makes it all but impossible to force blood through them. The substance 
causing this vasoconstriction has never been identified nor isolated. In- view 
of its probable importance in the vasoconstriction occurring alter rupture o1 
thrombosis of vessels such as the coronaries, or after tissue injury in shoek, it 
seemed important to find out something of its chemical nature. 

The isolation from beef serum depended on (1) precipitation of beet 
serum proteins with aleohol, (2) precipitation of salts, phosphatides, and 
amino acids with acetone, (3) chloroform extraction, (4) extraction of the 
active principle with butyl aleohol, (5) precipitation of the active principle 
from butyl alcohol with 5-nitrobarbiturie acid, (6) decomposition by addition 
of acetone to hot aqueous solution, (7) extraction of filtrate residue with warm 
absolute methanol, (8) reervstallization from water-acetone. 

Thin, rhomboid plates (m.p. 212-214°) were obtained which seem homog 
enous. Color reactions and ultraviolet absorption indicate the presence of an 
indole nucleus in the structure. The empiric formula is C,,H.,0.N.S. Tonic 
sulfate analysis suggests that Serotonin is a sulfuric acid salt of an organic 
hase with the formula C,,H.,,O,N,.H.SO,. 

Serotonin is more than twice as active as adrenalin in causing constriction 
of the vessels of perfused rabbit ears. Isolated strips of rabbit ileum are con 
tracted by it. Injected intravenously into dogs or eats it caused a sharp rise in 
arterial pressure much like that of adrenalin. The rise was augmented by 
sympathectomy. It does not appear to produce tachyphylaxis when given re 
peatedly in small doses. 

An enzyme has been prepared from lung which inactivates Serotonin. 


70. MANAGEMENT AND CLINICAL COURSE OF LOWER 
NEPHRON NEPHROSIS 
WILLIAM S. HorrMan, M.D., AND DANIEL MARSHALL, M.D. (By INVITATION ) 
(CHICAGO, ILL. 


Six patients with lower nephron nephrosis from a variety of causes hav 
been managed by a regimen that included a deliberate, slow induction of edem: 
of nearly normal electrolyte composition for the purpose of diluting the ac 
ecumulating intoxication products. Other measures were designed to keep th 
patient in a good state of nutrition. The aim was to keep the patients fro1 
dying in uremia before the renal lesion began to subside. Five out of the si 
patients recovered, the sixth died in uremia and heart failure five days afte 
the onset of diuresis. Four of the recovered patients had complete restoratiot 
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to normal renal function, One patient, a child of 2 years, still had moderate 
renal insufficiency five months after the onset of diuresis. This condition was 
associated with the development of bilateral calcinosis of the kidneys as seen 
on X-ray. 

In these patients, the oliguric phase lasted from five to thirteen days. The 
serum nonprotein nitrogen rose to levels of 145 to 248 me. per 100 e.c. and did 
not begin to subside until several days after diuresis began. Edema occurred 
early even when fluids were not specially administered. The serum chloride and 
sodium concentration tended to reach dangerously low levels (in one instance 
the chloride concentration was 58 meq. per liter). This development had to be 
combated by infusions of 2 per cent salt solution. With careful control of the 
quantity and composition of the edema fluid, symptoms of uremia were minimal, 
and the patients ate well without vomiting. The leveling of the serum non- 
protein nitrogen concentration during the latter part of the oligurie period was 
due either to the diluting effect of the edema or to diminished tissue breakdown 
brought about by the improved nutrition. 


71. STUDIES ON PROLONGED SUPPURATIVE INFECTION 
IN MAN 


GEORGE W. James, IIE, M.D.. Linuian A. Ripier, M.D., Josern C. 
ROBINSON, M.D)... Ropert E. JonNson, M.D... AND ROBERT M. 
KaARK, M.D.. Cuicaco, ILL. 


(INTRODUCED BY ROBERT W, KEETON, M.D.) 


Despite advances in surgical techniques and the vigorous use of blood and 
plasma transfusions, sulfonamide derivatives, and antibiotic substances, sup- 
puration persists in a number of patients with infected traumatic injuries. 
Therefore, during the past year clinical, baeteriologic, and laboratory studies 
were made on ninety-one young men suffering with chronic suppurating lesions 
of the bones, kidneys, and other soft tissues. A group of twenty-seven patients 
and ten bedridden control subjects were studied more intensively than the 
remaining sixty-four patients. 
Although the average period of hospitalization was twenty-three months 
at the beginnine of observation, fair nutritional status was maintained. There 
Was an average weight loss of 7.9 kilograms but no clinical evidence of vitamin 
or protein deficiencies. 
Sixty-three per cent of the patients were infected with Staphylococcus 
ircus. Pathogenie¢ spore-bearing organisms, Plocamobacterium aerogenes, Aero- 
bucter aerogenes, and gamma (nonhemolytic) streptococci were frequently iso- 
ted. Multiple infections and coneurrent self-contamination were common 

fndings, and a correlation was found between hemoglobin levels and numbers 
different species of organisms in the wound. The more different genera of 
anisms, the lower the hemoglobin levels. 

Hematologic data were essentially normal. Anemia was a rare finding. 
od and plasma volumes were increased 10 to 20 per cent when expressed as 
inction of body weight. Total circulating hemoglobin was significantly re- 
ed in those patients with severe infections. A marked predominance of 
ll spheroeytie reticulocytes was observed, but no other aberrant cells were 


Depression in serum iron and elevation of serum copper levels were more 
‘ked in patients with severe infection. Serial studies during spontaneous 
issions indicate an initial shift of serum copper levels toward normal. This 
ollowed at a later date by elevation of serum iron levels. Preliminary ob- 
vations following daily oral administration of 60 mg. cobalt chloride reveal a 
iculoeytosis during the third to fifth week of therapy and increases in red 
id cell count, hemoglobin levels, hematocrit, and total cireulating hemoglobin. 
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HAVERHILL FEVER 
BACTEREMIA); THE 


(HAVERHILLIA MULTIFORMIS 
BACTERIOLOGIC DIAGNOSIS 


‘ 








Preston E. Harrison, M.D. (By INvirarion), JAMES A, GREENE, M.D., AND 
Ropert A. Morse, M.D. (By IxNvirarion ), Houston, TEXAS 








The clinical manifestations of our cases of Haverhill fever have been 1 
ported previously. The present report is coneerned with bacteriologie and 
serologic methods in the etiologic diagnosis of the disease. 

Blood or joint fluid or other body fluids are cultured in brain-heart infusiot 
broth to which 5 to 10 per cent blood plasma has been added and incubated 
under anaerobic conditions with 10 per cent carbon dioxide added. When 
growth is visible, usually after four to five days or as long as fourteen days, it 
is subeultured to a brain-heart infusion agar plate containing 10 per cent blood; 
the subculture plate is also incubated as outlined. The colony on the plate 
appears as a minute, round, clearly démareated, and colorless growth, being 
almost invisible to the naked eye. Growth may be slow and sparse until severa! 
transfers have been made, when it may become more abundant. On a_ slid 
stained by Gram’s method the organisms appear to stain poorly, and the bac 
terial cells appear pleomorphic. The predominating form in the primary blood 
culture and its subeulture is a gram-negative, filamentous rod which varies con 
siderably in size. These filamentous forms may appear to be branching, and 
some of them may contain irregularly staining granules, and their rods may 
demonstrate an irregular swelling alone the course of the filamentous rods 
In addition there may be many small, round coccus-like organisms, or coecoid 
rods, the so-called *‘L’’ bodies or pleuro-pneumonia-like organisms of Klein 
berger. Serologic confirmation is made routinely by wet mount preparation 
containing known Haverhillia multiformis antiserum and a bacterial suspension 
from a typical colony suspected to he Haverhillia multiformis. (lumping Ol 
filamentous rods accompanied by capsular swelling of *‘L’’ bodies constitutes 
a positive test. 

Diagnostie agglutination blood serum tests have been evaluated by using 
an antigen prepared as a saline suspension of a Merthiolate-killed organism from 
several strains of Haverhillia multiformis. The test has been performed in thi 
usual manner and is comparable to the Widal test. A titer of 1:160 or higher is 
considered to be tentatively diagnostic. In eases with low titer agelutinin con 
tent, serial tests at weekly intervals may be helpful, since wide fluctuations ar 
common; these fluctuations occur at various intervals in episodes of exacer 
bation of symptoms, or in periods of remission. The test does not appear to } 
entirely specifie for Haverhillia multiformis infection. We have demonstrated 
agglutinins in high titer in apparently unrelated cenditions sueh as tuberculosis 
and bronchogenic carcinoma of the lung. The significance of the nonspeecifi: 
agglutinin test has not been evaluated thoroughly. 


73. THE ROLE OF THE PLASMA PROTEIN FRACTIONS IN 
THE ACTION AND TRANSPORT OF PENICILLIN 


R. E. DoL_Kart, M.D., B. HAupPern, B.S. (By Inviration), A. L. Kutz, Pu.D 
(By Inviration), J. B. Lesu, Pu.D. (By I[xvrration), B. WoLNIAK, PH.D. 
By Invitation), AND F, L. Dey, M.D. (By Invitation), Cuicaco, It. 

Numerous reports have appeared dealing with the protein-binding effect an: 


the interaction between penicillin and human plasma proteins. Some worke1 
have coneluded that penicillin combines with human serum albumin. whicl 
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compiex possesses antibiotic activity. Normal human subjects were given crys: 
talline penicillin G following which a 500 ml. blood sample was fractionated 
into its various protein fractions. The penicillin was almost quantitatively 
recoverable in fraction VI, which in actuality represents that portion remaining 
after all other fractions have been precipitated. The plasma control assays for 
penicillin and the fraction VI assays were identical in each instance.  Addi- 
tional studies were carried out by dialysis of whole plasma and some of the 
various fractions under temperature conditions that would not be deleterious 
to penicillin. There was no evidence of inactivation or antagonism of the peni 
eillin by any of the protein fractions nor evidence of any combination with the 
protein fractions in the dialysis experiments. Similar studies under way wit! 
hacitracin seem analogous. 


74. THE ANESTHETIC AND ANTIHISTAMINIC ACTION OF A 
SERIES OF ANTIHISTAMINIC DRUGS IN TLUMAN SKIN 


JOHN U. KEeatine, M.D. (By INVITATION), AND CHARLES F'. Cope, M.D. 
ROCHESTER, MINN. 


The anesthetic potency and the antihistaminie action of equimolar con- 
centrations of Benadryl, Pyribenzamine, Neoantergan, 3015 R.P., and 3277 R.P. 
were determined in the skin of normal human subjects. In descending order of 
anesthetic potency, the drugs ranked: 3277 R.P., 8015 R.P., Pyribenzamine, 
Neoantergan, and Benadryl. In descending order of the ability of the drugs to 
inhibit histamine flares, they were: Pyribenzamine, Neoantergan, Benadry], 
3015 R.P., and 3277 R.P. The findings that those compounds which have the 
ereatest local anesthetic potency are not those with the greatest antiflare effects 
supports the view that the flare-inhibiting property of these svnthetie anti- 
histaminie drugs is not directly dependent on their local anesthetic activity, 
and there is thus a separation between antihistaminie and anesthetie actions. 


fo. FAILURE OF ANTIHISTAMINIC DRUGS TO REDUCE REACTIVE 
HYPEREMIA IN MAN 


Minton LanpowNne, M.D., ann Waurer S. THompsox, M.D. (By INviration 
CHICAGO, ILL. 


In the eclassie studies of Lewis and Grant on reactive hyperemia, evidence 
as presented suggesting that this vasodilatation was due to the accumulation 
a chemical in the region of circulatory arrest. Barsoum and Smirk reported 
hat a substance with the biologie properties of histamine could be detected in 
the venous blood during reactive hyperemia in concentrations up to .06 gamma 
r cubie centimeter. This evidence, together with the implication of Lewis’ 
‘udies, has led to a tacit acceptance of the concept that reactive hyperemia is 
rimarily due to the accumulation of histamine-like substance. The following 
servations, in which reactive hyperemia could not be reduced by antihista- 
inie drugs, seriously challenge the validity of this concept. 

Reactive hyperemia was produced by the application and release of an 
flatable occluding euff placed about the thigh in seven subjects. These in- 
ided normal subjects and one hypertensive patient before and after sympathee- 
my. Measurements of volume change and blood flow in the foot were made by 
ans of a venous occlusion plethysmograph. Occlusions were maintained to 
oduce manifest hyperemia (five to ten minutes) and threshold or minimal re- 
mses as well (one-half to three minutes). The initial inflow after release 
























1610 CENTRAL SOCIETY FOR CLINICAL RESEARCH 


of occlusion was considered to reflect the dilatation produced. After a period 
of control observations of resting flow and reactive hyperemia, Benadryl (beta 
dimethylaminoethyl benzhydryl ether hydrochloride), 10 to 30 mg. intrave- 
nously, or Pyribenzamine  (beta-dimethyl-aminoethyl-2-pyridyl-benzyl am- 
monium chloride), 50 meg. orally, was administered. Observations were repeated 
at intervals for a period of more than one hour. No diminution was detected 
in the circulatory response to arterial occlusion. The summarized averaged 
blood flows in cubic centimeters per minute per 100 ¢.c. limb volume, with the 
number of determinations in parentheses, are as follows. 








RESTING REACTIVE HYPEREMIA 
Before drug 2.70 (134 B30 (oe 
After drug 2.62 99 8.78. (36 





There was no essential difference between different subjects or after vary 
ing durations of occlusions. 

In several instances the intradermal injection of 0.1 to 1.0 gamma of his 
tamin base demonstrated the effectiveness of the antihistaminie drug. 


76. CLINICAL OBSERVATIONS ON HISTAMINE ADMINISTRATION 
DURING PREGNANCY 


THomas W. McEuix, M.D. (By Inxvirarion), ANd Bayarp T. Horton, M.D. 
ROCHESTER, MINN. 


The recent obstetric, physiologic, and pharmacologic literature continues to 
discuss the oxytocie effeet of histamine in women and in animals. As recently 
as 1946, editorial comment in the Obstetrical and Gynecological Survey re 
minded that histamine exerts a powerful stimulating effect directly on the myo- 
metrium. An impressive array of experimental literature may be found to 
document this opinion. Two of the earlier studies conducted were those of 
Hofbauer and of Bourne and Burn. The former author pointed out that 
uterine spasm is one of the observable responses in acute histamine poisoning 
in pregnant guinea pigs. Bourne and Burn in 1927, utilizing intrauterine bags 
with manometer attachments in parturient women, demonstrated that histamine 
injected subcutaneously in a dose of 2.0 mg. (reckoned in terms of base present 
produced powerful but short-lived uterine contractions. 

In the course of a prolonged program of ¢linieal investigation and treat 
ment of the so-called vascular diseases, allergic diseases, and certain atypical 
pain patterns not amenable to more usual forms of treatment, we have had oc- 
easion to administer or to prescribe the administration of histamine by the intra 
venous or subeutaneous route to fifteen pregnant women. In view of the ap- 
parent pharmacologic inconsistency of such therapy and because of the com 
plete absence of any undesirable sequelae of such treatment, we wish to record 
our observations. 

Our fifteen patients (twelve of whom had received a diagnosis of multiple 
sclerosis) were treated in a five-year period ending April, 1948. During this 
time approximately 70,000 intravenous injections of histamine were given and 
some 4,600 patients were seen in our laboratory. The series of pregnant patients 
included both primigravidas and multigravidas. Six patients received sub 
cutaneous injections of histamine daily throughout the entire period of gesta- 
tion. Intravenous injections of this drug@ were given in every month of preg 
naneyv and in two instances the injections were given three times weekly through 
out the entire third trimester to within three days of delivery. In thirteen ot 
the fourteen patients who have thus far been delivered, there has been no 
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tendency to premature labor. Twelve of these fourteen have had their labor 
after the expected date of confinement. 

The maximal amount of histamine given was administered to a primi- 
vravida, 23 years of age, who had multiple sclerosis. This patient received 
forty-five intravenous injections each of which contained 2.75 me. of histamine 
disphosphate (1.0 mg. of histamine base) durine the third, fourth, and fifth 
months of her pregnancy. 

Only one event which might in any way be construed as representing an 
untoward effeet on the pregnant uterus occurred in the entire series. <A 
primigravida, 29 vears of age, sustained one episode of slight vaginal bleeding 
twelve hours after a subcutaneous injection of 0.137 me. of histamine diphos 
phate (0.05 me. of histamine base). The month of the pregnaney in which this 
bleeding occurred is not known. This is one of the smallest amounts of his- 
famine given to any patient in the group, so that the significance of this observa- 
tion is questionable. 

We wish to suggest on the basis of our experience that there is at least 
an apparent lack of a clinical oxytocie effect of histamine diphosphate when it 
is administered to pregnant women by the subeutaneous or intravenous route or 
by both routes in the therapeutic dosages mentioned. We offer no preferred ex- 
planation as to why the oxytocie effect descrined by so many authors and attested 
by abundant laboratory study did not occur. A few of the possible explana- 
tions which immediately present themselves are: (1) that the elevated his- 
taminase level known to occur in pregnant women might be responsible for the 
inactivation of the injected histamine; (2) that the dosage of histamine used 
Was not adequate to provoke a clinically observable oxyvtocie response; (38) that 
the altered neurogeni¢ response in the twelve patients in this series who had 
multiple sclerosis may in some way, in these patients, have altered the predicted 
effect. 


77. RETROBULBAR NEURITIS; TREATMENT WITH HISTAMINE 


BAYARD T. Horton, M.D., AaNp HENRY P. WaGeENER, M.D. (By INVITATION) 
ROCHESTER, MINN. 


WITH THE TECHNICAL ASSISTANCE OF EVELYN F. HELGERSON, M.A. 


The typical syndrome of retrobulbar neuritis consists of lowered visual 
cuity, some form of scotoma in the visual field, and usually a normal-appearing 
erve head. In both the acute and chronie forms of this syndrome, edema and 
iterference of the blood supply to the optie nerve are evident. The axis- 
‘vlinders will withstand ischemia for considerable time before final degenera- 
on begins. A vasodilating agent which will increase materially the blood 
ipply to the optic nerve is the most satisfactory means of restoring its fune- 
on. Spontaneous recovery may and frequently does occur, but in our ex- 

rience, unless it begins within three weeks after the onset of symptoms, it will 
it be complete. 

Histamine is the most powerful vasodilating agent available for increasing 
e blood supply to the central nervous system; hence the rationale for its use 

the treatment of retrobulbar neuritis. Compared with other forms of treat- 
ent, it is more universally applicable, is less discommoding to the patient, does 

necessitate hospitalization, and seems to result in more rapid and complete 
‘overy of vision. 

In this study we have emploved a 1:250,000 dilution of histamine admin- 

ered intravenously by the drip method at rates varying from 24 to 48 drops 
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per minute. The rate emploved depended on the patient’s tolerance. Treat 
ment for one and one-half hours has been carried out daily or every other day 
for from one week to three and one-half years. No untoward reactions have 
been observed. One patient received 410 treatments. In the light of our recent 
experiences it is obvious that some of our earlier patients had inadequate treat 
ment. 

During the past six years we have administered histamine to sixty-one pa- 
tients who had retrobulbar neuritis. Of these sixty-one patients, thirty-four 
were women and twenty-seven were men. The ages ranged from 9 to 49 years, 
With an average age of 30.5 years. 

Kighteen patients previously had been given typhoid vaecine intravenously. 
None of the eighteen regained normal vision, seven obtained 25 to 75 per cent 
improvement in vision, ten noted no change, and one experienced oreater loss 
of vision after treatment with typhoid vaccine. When these same eighteen pa 
tients were treated with histamine administered intravenously, five regained 
normal vision, five obtained 25 to 75 per cent improvement, and eight noted no 
change 

l’orty-three of the sixty-one patients had not had previous treatment with 
typhoid vaccine but did receive histamine intravenously. Of these forty-thre 
patients, nineteen regained normal vision; three obtained 75 per cent recovery ; 
six, 00 per cent recovery ; five, less than 25 per cent recovery ; and the remaining 
ten noted no change. 

Twenty-two of the sixty -One patients had had visual loss for more than one 
vear; five of these regained normal vision. [ive of the sixty-one patients had 
had visual loss for six months to one year and none of these regained normal 
vision. Eight of the sixty-one had had visual loss for three to six months and 
six of these regained normal vision. Twenty-one of the sixty-one patients had 
had visual loss for one month or less; twelve of these regained normal vision. 
ive of the sixty-one patients were unable to furnish definite data as to thi 
onset of their visual loss and of this group one obtained normal vision. 

In summary, it is interesting to note that twenty-four of the sixty-one 
patients regained normal vision and that the vision of ten improved 50 to 75 per 
cent. Although eighteen of the sixty-one patients had had previous treatment 
with typhoid vaccine, none of the group had normal vision following this typ 
of treatment. However, when histamine was administered intravenously to this 
same group of patients, five regained normal vision. 


7s. THE PREPARATION AND PROPERTIES OF MAMMALIAN 
STRIATED MYOFIBRILS 


ARMIN |. Scuicx, M.D. (By INviraTion), AND GreorRGE M. Hass, M.D. 
CHicaco, Inu. 


A physicochemical method for isolation and purification of myofibrils fron 
mammalian skeletal and cardiac muscle has been devised. Blocks of living 
fresh musele were frozen and cut into thin sections with a freezing microtome 
The sections were transferred directly to a proteolytic enzyme buffer solution 
(O° ©.; pH, 7; ionie strength, 0.25). After digestion at 0° C. for thirty t 
forty-five minutes, the myofibrils were separated by mild mechanical agitation 
Following this, the segregated myofibrils were separated from other cellula 
and interstitial components of muscle by controlled centrifugation. 

The isolated myofibrils whieh were obtained in large quantities by thi 
method had characteristic physical properties. They varied in length an 
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breadth but retained the essential microscopic structural detail, plasticity and 
birefringence, characteristic of myofibrils in their normal intracellular loca- 
tion, prior to application of the procedure for isolation. They were soluble in 
a slightly alkaline reagent (0.5 normal potassium chloride plus 0.03 normal 
sodium bicarbonate) giving viscous solutions which displayed a strong bire- 
fringenee of flow. In buffer solutions with an ionie streneth of 0.15, the myo- 
fibrils dissolved on the acid side of pH 4.0 and on the alkaline side of pfL 10.0. 
In phosphate buffer solutions with an ionic strength of 0.5, the myofibrils dis- 
solved when solutions were on the alkaline side of pH 6.3. In phosphate buffer 
solutions with the ionie strength increased from 0.15 to 0.5 by addition of potas- 
sium chloride, the myofibrils were soluble when solutions were on the alkaline 
side of pil 6.0. 

The isolated myofibrils, although probably modified in some respects by 
tryptie aetion and mechanical agitation during isolation at 0° C., exhibited the 
property of contractility when placed in dilute neutral solutions of adenosine 
triphosphate. Under these conditions, myofibrils isolated from skeletal muscle 
of man and rabbit contracted rapidly so that long fibrillar structures with 
sharply defined microscopie characteristics were converted irreversibly into 
spherical masses with no recognizable structural detail. 


79. CASTOR BEAN SENSITIVITY 
W. P. Garver, M.D., CLEVELAND, Onto 


ive men working in a mill where castor bean is processed complained of 
allergie symptoms associated with this occupation. 

The five were skin tested with seven extracts of castor bean produets. Ail 
of them had a positive reaction to one or more of the extracts. Three of the five 
were then tested by the Prausnitz-Kiistner passive transfer technique. The 
reagins identified by this method were identical with the positive tests obtained 
by direct skin testing. An extract of castor pomace gave a positive test in all 
five patients. All of the patients associated contact with this substance with 
their clinical symptoms. 

Thirteen control subjects were skin tested with the same extracts. Eight 
failed to react to any of the castor extracts. Three gave slight irritative non- 
specific reactions. Two control subjects reacted in some degree to most of the 
xtraets. The latter two were foundrymen suffering from asthma. The rela- 
tionship of these positive tests to their asthma has not been determined. 


. BERYLLIOSIS: OBSERVATIONS AND REPORT OF CLINICAL 
STUDY OF SEVENTY CASES OF CHRONIC DISEASE 


WILLARD Macuue, M.D., New York, N. Y. 


Berylliosis may be defined as a general disease characterized chiefly by 
)iimonary insufficiency and having the major pathologic changes in the lung. 
‘i results from the inhalation of finely divided beryllium compounds. 

The epidemiology and etiology of the disease are discussed, and a summary 

‘he elinieal study of seventy cases of chronic disease is presented. Report 

ade upon chemical findings in the tissues of persons with fatal cases and the 

ologie anatomy of the disease is discussed briefly. Data on concentrations 

eryllium in the air of plants are reviewed. X-ray films from representative 
Cases will be presented. 
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S81. CORRELATION OF LACTOBACILLUS COUNTS WITH EXTENT ©} 
DENTAL CARIES IN AN INSTITUTIONAL POPULATION 


JULIAN D. Boyp, M.D., V. D. CHEyneE, D.D.S. (By INviItTaTION), AND 
Kk. EK. Wessets, D.D.S. (By Inxviration), Iowa Crry, Iowa 


Lactobacillus counts from the saliva of more than 200 institutionalized 
children have been made in a State Laboratory by personnel especially trained 
to provide such service to the dentists of the state. Duplicate analyses of 
samples collected within twenty-four to forty-eight hours were made for most 
of the subjects. All samples were collected before breakfast and before clean 
ing of the teeth after the subjects chewed paraffin. 

The individual lactobacillus counts were correlated with the extent of tooth 
decay (number of DMF surfaces), the rate of progression of tooth deeay during 
the previous nine to twenty-one months, and the status of mouth hygiene. No 
correlation was evident except with the habitual and the current state of oral 
hvgiene. The data offer nothing to support the premise that lactobacillus counts 
provide a diagnostic or prognostic index of the activity of dental earies. An) 
apparent relationship evidently relates to the hygiene of the oral cavity and 
the areas for lodgment of pabulum for bacterial growth rather than to the 


process of caries in itself, 


82. ACUTE TORTICOLLIS DUE TO FOOD ALLERGY 
THERON G. RANpDOLPH, M.D., Cuicaco, Inu. 


Repeated attacks of acute torticollis have been observed to follow the in 
gestion of allergenic foods in each of three specifically sensitized patients. 

Although the symptoms of taughtness, pulling, aching, and tenderness ot 
the posterior cervical muscles, with and without associated headaches, have been 
observed as manifestations of chronic food allergy and such symptoms have been 
induced following the experimental ingestion of allergenic foods, instances of 
acute torticollis have not been described on this basis. As a rule, recurrences 
of cervical myalgia on an allergic basis do not go on to the development of acute 
torticollis. 

The most favorable circumstances for the development of an allergic wr) 
neck include the presence of a high degree of specific sensitivity to a commonl) 
ingested food which previously had been avoided for at least three or four days 
prior to an evening feeding of this food. This, in turn, is usually associated 
with an allergic reaction of such severity as to cause the patient to retire short! 
after the evening meal. Motion on turning in bed during sleep, upon arising 
from bed the following morning, or within the first half hour after arising 
may be associated with the sudden onset of an excruciatingly severe pain sharp!) 
localized to a small exquisitely tender area in the trapezius or sternocleido- 
mastoid muscles. Contracture of the involved muscles with immobilization of 
the head in a position favoring the shortening of the affected muscle or musvle 
eroups immediately results as a protective measure because of the extreme pain 
on motion of the head. A relatively fixed position of the head and shoulders 
is maintained for one or two days following which the attack gradually subsices 
coincident with a decrease in the hypertonicity, aching, pain, and tenderness 
of the affected muscles. 
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83. THE EFFECT OF VARYING THE DOSE OF IODINE ON THE 
BEHAVIOR OF RADIOIODINE TRACERS IN PATIENTS 
WITH EXOPHTHALMIC GOITER 


ID. S. Comps, JR. M.D. (By Ixviratrion), FL Ro Kearinc, Jr., M.D. M. M.D. 
WILuiAMS, PH.D. (By INVITATION), AND M. H. Power, PuH.D. 
ROCHESTER, MINN. 


live patients who had exophthalmie goiter received repeated tracer doses 
of T'' by mouth, with varvine quantities of stable sodium iodide as carrier. 
The behavior of each dose was followed by means of serial measurements of the 
intensity of radiation over the thyroid gland and abdomen, and of the con- 
centration of I'! in blood serum and urine. 

Where small quantities of iodine (1 to 100 »@) were used, a large propor- 
tion of the dose was accumulated and retained in the thyroid gland. The quan- 
tity of I" in the thyroid gland increased exponentially for six to twenty-four 
hours, and thereafter decreased very slowly. 

When large quantities of iodide (10 mg.) were employed, little or none of 
the dose remained in the thyroid gland and a large proportion (80 per cent) 
appeared in the urine. Observations over the thyroid gland revealed a prompt 
but temporary accumulation in the thyroid gland which reached a peak repre- 
senting 15 to 35 per cent of the dose within three hours. Subsequently, the 
radioiodine content of the thyroid gland decerased rapidly until at twenty- 
four hours only a small fraction remained. This decrease of I'*! in the thyroid 
gland occurred at a rate comparable to, but somewhat slower than, the rate of 
disappearance of radioiodine from the blood. 

When an intermediate quantity of iodide (1.0 mg.) was used, the curves 
describing the changes in coneentration of I’*! in the thyroid gland appeared 
to be composites of those obtained in the high and low earrier groups. The rate 
of disappearance of radioiodine from the blood and the quantities eventually 
accumulated in the thyroid gland or exereted in the urine likewise were inter- 
mediate between the other groups. 

It is suggested that the iodine-accumulating function of the hyperactive 
thyroid gland observed after the use of small doses of labeled iodide is largely 
or entirely related to the synthesis and storage in the thyroid gland of organic 
compounds containing iodine. 

The funetion of the hyperactive thyroid gland which is observed when 
large doses of iodide are administered appears to be similar to that deseribed by 
Astwood in the normal human thyroid gland blocked with antithyroid drugs, 
and appears to represent the storage within the thyroid gland of iodide as such. 

The function of the kidney with respect to the excretion of iodide did not 

ppear to be materially altered over the range of doses herein employed. 


“4. EVALUATION OF THE USE OF ANTERIOR PITUITARY EXTRACT 
IN THE TREATMENT OF PITUITARY DWAREISM 


JOSEPH C, Epwarps, M.D., Ceci, M. Cuarues, M.D. (By INviratrion), AND 
Cyriz M. MacBrypr, M.D., Sr. Louts, Mo. 


This study was based on the treatment of eleven dwarfs with pituitary 
wth extract. Eight patients exhibited all of the characteristics of pituitary 
rts. Case 4 had had satisfactory treatment for congenital syphilis. A 
‘Ith dwarfed patient with normal epiphyses and genital development reached 
Normal size in two years with treatment by desiccated thyroid, 0.06 Gm. daily 
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alone. Case 6 had had Pott’s disease of the tenth dorsal vertebra. Cases 3, 6 
and 7, although having the appearance of pituitary dwarfs with genital and 
general physical underdevelopment, had no delay in epiphyseal developmen 
for their ages. 

Method of Study.—After preliminary periods of observation with accurat: 
anthropometric Measurements, each of the eleven patients was given Phyon 
pituitary extract (Wilson), which contains both growth and thyrotropie factors 
An initial dose of 0.25 ¢.¢., then doses of 0.5 and 1.0 ¢.e. on alternate days wer 
given intramuscularly. A 2.0 ¢.c. dose thrice weekly was continued for two to 
six months with control intervals without treatment. 

Basal metabolic rates were normal in all but three patients. No patient 
had myxedema. Cases 1, 4, and 8 received daily doses of 0.03 to 0.12 Gm. of 
desiceated thyroid daily in addition to Phyone treatment because of slightly sub 
normal basal metabolic rates. Case 11 received thyroid a short time to note any 
added effect on growth; no significant change was noted. The other eight pa 
tients receiving Phyone were not treated with any thyroid, androgen, or estro 
gens during their observation on Phyone treatment. 

Blood counts, hemoglobin, urine analyses, and blood Kahn tests were nor 
mal. Roentgenograms of the skull were normal in nine patients, and two had 
bridging of the clinoids with small sella turcicas. 

Results.—Case 3 was the only one of the eleven whose height and weight 
at the end of treatment exceeded the minimum average height and weight for 
his age. The normal growth curves for boys and girls are shown in the same 
scale as the growth curves of this group for comparison. 

Our patients failed to show an increase in stature or weight so definite that 
it could be attributed to the use of the growth extract Phvone alone. 

Conclusion.—F urther studies with more potent pituitary growth hormones 
are needed before one can unreservedly recommend the use of commercial growth 
hormones for prolonged treatment of pituitary dwarfism. 


8). EFFECT OF INSULIN ON TUBULAR REABSORPTION OF GLUCOSE 
IN DIABETIC PATIENTS 


Mervin M. Cuerrack, M.D. (By Ixviratrion), Luke J. Grimeuur, M.D. 
(By Invitation), HeLen L. Ruerra, M.D. (By Invitation), 
AND Ropert W. Keeton, M.D.. Cuicaco, Inu 


In 1941 Shannon and associates reported a 10 per cent reduction of th 
renal tubular reabsorption of glucose (TMg) in four out of six dogs following 
an injection of 50 units of insulin. Creatinine was used to measure glomerula! 
filtration. The ratios of TMg subsequent to insulin divided by their values 
prior to insulin were 0.88, 0.89, 0.87, 1.06, 0.77, and 0.96. 

In our studies five adult male patients, ages 18 to 33, known to be di: 
betic for one to eight vears, were used. They showed no clinical or laborator 
evidence of hypertension, renal disease, or other complications. They were rea: 
ily desugarized on insulin and were classified as insulin sensitive. Insuli 
dosages varied from 10 to 385 units of crystalline and from 20 to 50 units 
protamine. 

The patients were stabilized on diet and insulin. On the morning of t! 
insulin experiment the daily doses of protamine and erystalline insulins .we 
given; the glyeemie level was raised; and the TMg values were determin 
through three periods. Several davs later after the protamine insulin had be 
withheld for not less than forty-eight hours and erystalline insulin for twent 
four hours, the experiment was repeated. The ratios of TM, after the insul 
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divided by their values without insulin were 0.98, 0.92, 0.83, 0.88, and 0.77, re- 
spectively, for the five subjects. It has been generally recognized that variation 
from period to period in TM, determinations may be large. 

The plan used by other workers of averaging the values for three successive 
periods to secure the TMg of the patient was followed. Although these values 
were depressed consistently after the administration of insulin, the degree ot 
depression was not regarded as significant in view of the limitations of the 
method. 

It should be realized that all of the patients had an endogenous supply of 
insulin in addition to the injected supply. One may, therefore, conclude only 
that a deficiency in insulin does not interfere significantly with tubular re- 
absorption of glucose. 


86. EFFECT OF HYPERGLYCEMIA ON THE CLEARANCES OF INULIN 
AND PARA-AMINOHEPPURTO ACID 


L. J. GRIMELLI, M.D., M. M. Cuertack, M.D., H. L. Ruerra, M.D., 
A. B. Kenprick, Pu.D., AaNp R.A. Forrest, M.D., Cricaco, Tn. 


(INrRopUCED BY Ropert W. Keeton, M.D. 


Karly in our studies of renal function in the presence of hyperglycemia, 
certain discrepancies in the determination of PAH clearance were noted. Klopp, 
Young, and Taylor reported that hyperglycemia may decrease the PAH clear- 
anee from 30 to SO per cent but not effeet the clearance of mannitol. It seemed 
wise to study this problem further. 

In the present studies to be reported, insulin was maintained at levels of 
20 to 75 me. per cent, the para-aminohippurie acid (PAIL) at 0.9 to 3.5 me. 
per cent, and the glucose at normal fasting to hyperglycemic levels. 

Thirteen patients, of whom seven were women and six were men, were 
studied. The previous clinical data had shown normal kidney function. The 
experiments were done in the following manner: (1) at normal glycemia and 
low levels of PAH; (2) at hyperglycemia and low levels of PAH; and (3) 
at hyperglyeemia and high levels of PAH. The inulin clearance rose slightly 
but progressively under the experimental conditions enumerated. This rise 
was not significant since it fell within the limits of the standard deviation of 
the method. <All values were corrected to a surface area of 1.73 square meters. 
At fasting blood sugar levels the PAH. in women averaged 593.8 + 126.3 e@.e. 
per minute, and at hyperglycemia, 407.1 + 146.1 ¢.c. per minute. The average 
lepression due to hyperglycemia was 31.4 per cent. 

In the men the PATI, at fasting glucose levels averaged 654.9 + 105.3 ¢.c. 
er minute, and at hyperglycemia, 312.5 + 119.5 ¢«¢. per minute, with an aver- 
ze depression of 52.5 per cent. The depression of PAH, was reproduced on 
eparate days in one patient. At fasting glucose levels the TMpan was 76.9 

2. per minute, and at hyperglycemic levels the TMpay was 54.0 mg. per min- 
te. The average depression due to hyperglycemia was 29.8 per cent. 

Hyperglycemia depresses the PAH, and the TMpay values. Sufficient ex- 
riments have not been conducted to establish correction factors. The eom- 
ectitive antagonism between glucose and para-aminohippuric acid as it affects 
bular funetion is now under investigation. 
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87. CHOLESTEROL TOLERANCE TESTS IN NORMAL, DIABETIC, AND 
HYPERTENSIVE PATIENTS 


E. D. Furcu. M.D.. ann RaymMonp Gregory. M. D.. GALVESTON, TEXAS 


The possibility that intimal atherosclerosis is due in some instances to a 
basic metabolic fault in the capacity to utilize cholesterol caused us to devise a 
cholesterol tolerance test which will be briefly deseribed. 

This test was performed on fourteen normal subjects; four patients with 
essential hypertension; eleven patients with diabetes mellitus, 28 to 79 vears 
of age; one patient with hypercholesterolemia and xanthomatosis of the skin; 
one patient with nephrotic stage of chronic glomerulonephritis and hyper- 
cholesterolemia ; one male patient, 25 vears of age, with acute myocardial infare- 
tion and normal serum cholesterol. 

Repeated analyses established that the method entailed a maximal error 
of 5 per cent. In the group of fourteen normal subjects, the total free choles- 
terol increased from 4 to 38 per cent; cholesterol ester increased 0.8 to 24 pet 
cent. Maximal increases were distributed from the second to the eighth hour. 
In two subjects the free and ester forms fell 5 to 18 per cent. 

The results in the eleven diabetic patients were the same as in the normal 
subjects in all essential respects. The results in four patients with essential 
hypertension likewise were within the range shown by normal subjects. In 
the patient with skin xanthomas and in the patient with nephrosis, both of whom 
had hypercholesterolemia, the blood levels of both free and ester forms of 
cholesterol fell 3 to 19 per cent during the tolerance test. 

The only abnormal results were found in the 25-year-old man with acute 
myocardial infarction. In his ease the free cholesterol rose 48 per cent and 
the cholesterol esters rose 29 per cent. The maximal rise in free cholesterol 
in the normal group was 38 per cent in one instance, with an average maximal 
rise of 17 per cent. The maximal rise in cholesterol ester in the normal group 
was 24 per cent, with the average maximal rise of 9 per cent. 

These data do not demonstrate any difference between normal, hyper- 
tensive, and diabetic subjects in their response to a cholesterol tolerance test. 
This indicates that the tendency of the diabetic and hypertensive patient to de- 
velop intimal atherosclerosis is not due to a prolonged or excessive postprandial 
hypercholesterolemia. 


88. THE MEDICAL AND METABOLIC FACTORS IN THE SURGICAL 
MANAGEMENT OF HYPERTHYROIDISM 


[. Darin Pupret, M.D., CoLumBus, Onto 


The goitrogens are by no means solely responsible for the decreased mor- 
bidity and mortality following the modern thyroidectomy. There are a multi- 
tude of factors which must still be considered in the proper surgical treatment 
of the patient with hyperthyroidism in addition to the use of the goitrogens. 

A summary of consecutive thyroidectomies on 400 goitrous patients from 
1937 to 1942, and prior to use of our present regimen, revealed 185 to be for 
nontoxic goiter and there resulted no hospital deaths. Two hundred fifteen 
were for hyperthyroidism and these accounted for an unusually high degree of 
morbidity and mortality so that the total mortality averaged 2.25 per cent. 
During this same period four pole ligations were done and ten thyroidectomies 
were staged, followed by.a high mortality. The causes of death included thyroid 
crisis, respiratory failure, massive atelectasis, bronchopneumonia, acute cardiac 
failure or shock, and liver death. These represent to a great extent avoidable 








PROCEEDINGS OF TWENTY-FIRST ANNUAL MEETING 1619 


causes of death in the ight of our present methods of treatment. Consequently, 
a summary of consecutive thyroidectomies on 400 goitrous patients treated by 
our present regimen from 1948 to 1948 revealed 157 to be for nontoxie goiter, 
and there occurred no deaths. Two hundred forty-three were for hyper- 
thyroidism which is a greater number than in the former group. [urthermore, 
the severity of the hyperthyroidism in this group was usually greater and the 
complications were more frequent. Yet there resulted no deaths. No ligations 
were done and only five thyroidectomies were staged, but with no deaths. 

In our experience, there are two groups of medical and metabolie factors 
which have led to this lowered morbidity and mortality rate of the modern 
operation, The first includes seven general factors and major developments 
whieh have made all modern surgery less hazardous. The second group em- 
braces at least nine specifie factors related to hyperthyroidism which have 
counteracted the deleterious hypermetabolie effects of the disease. 

The clinical use of the goitrogens and internal radiotherapy is still in many 
ways in the experimental stage. When a physician contemplates the use of 
one of these substances he should seriously consider the general and _ specific 
factors in the treatment of toxie goiter in addition to the new substance in 
order to serve the best interests of the patient. 


89. THE BETA GLUCURONIDASE ACTIVITY OF HUMAN 
ENDOMETRIUM 


Lester D. OpELL, M.D., AND WILLIAM H. FisHman, PH.D. (By Invitation) 
CHIcaAGo, ILL. 


Endometrial biopsies (suction curette) were obtained from thirty-two 
women at various days of the normal menstrual cycle. The specimens were 
weighed, homogenized, and assayed for f-glucuronidase activity using the 
method of Fishman, Springer, and Brunetti (J. Biol. Chem. 173: 449-456, 1948). 

The B-glucuronidase activity increased during the first two-thirds of the 
menstrual eyele, followed by a decline, particularly in the last three days of 
the evele. The presence or absence of progestational endometrium seemed to 
bear little reference to these changes. These results would indicate that the 
B-glucuronidase activity of endometrium parallels the estrogen secretion re- 
ported for the menstrual eyele. 

Multiple specimens of endometrium were obtained from the same patients 
and assaved independently. While there was some variation in results, it was 
insufficient to disturb the general pattern described here. 

B-glucuronidase is believed to play a fundamental role in the physiologic 
action of the estrogenie hormones. The evelic change in activity observed in 
he endometrium parallels the histologie effect of estrogen stimulation. There- 
ore, it is possible that endometrium normally participates in the metabolic 
‘onjugation of estrogenic hormones. 


90 DIFFUSE PANCREATIC CALCIFICATION WITH DIABETES 
MELLITUS 
BRUNO J. Perers, M.D., M. C. F. Linpert, M.D., Martin J. KLApMAN, M.D.., 
AND DANIEL J. MENDELSON, M.D., MinwaAuKEE, WIs. 
(INTRODUCED BY Maurice HarpGrove, M.D.) 
The present study is one of the association of pancreatic calcification with 
liabetes mellitus. In addition to four eases observed clinically, there are three 
ises of pancreatic calcification from which autopsy findings are presented. It 
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has been suggested that disseminated pancreatie calcification be recognized as 
a distinet clinical entity. We feel that it is impossible to differentiate clinically 
disseminated calcification from multiple caleuli in the panereas. The etology 
of the change is unknown. Alcoholism was the one most frequent, suspicious, 
predisposing cause in our eases. The svmptoms simulated those of gall bladder 
colic, perforated ulcer, and appendicitis. It is suggested that a scout film be 
taken in acute abdominal conditions generally and in a diabetic patient par- 
ticularly. In this way more eases will be recognized and erroneous surgery 
will be prevented. Also, with the advent of recent advances in pancreatic 
surgery, it is conceivable that partial or total panereatectomy may be helpful 
in relieving the intractable pain present in some of the patients. 


91. PSPEUDOHYPOPARATHYROIDISM 
Case Report 


M. G. PererMAN, M.D., AND J. La. Garvey, M.D. (By Invitation 
MILWAUKEE, WIs. 


A 12-year-old girl was examined because of logorrhea, mental retardation, 
and convulsions. The patient’s condition had been diagnosed as epilepsy and 
hypothyroidism. The mother was ill during pregnancy and almost misearried 
in the fourth month. Delivery and infaney were normal. The infant was al- 
ways hungry, never lost infantile fatness, always had a hoarse voice, and often 
a crowing inspiration. At 2 years she complained of numbness and tingling 
in the extremities. 

The patient weighed 101 pounds and her height was 5814 inches. She had 
a round, pudgy face with a slightly vellow pallor of the skin and a generalized 
myxedematous appearance. Chvostek’s sign was strongly positive as were the 
ulnar and peroneal reflexes. The Trousseau test was negative. The voice was 
hoarse and coarse. There were several areas of calcification in the skin. The 
mouth was kept in a ‘‘carp’’ position. 

The girl had repeated episodes of sudden squealing or shouting with pu- 
pils dilated and without loss of equilibrium. The mouth was held open; the 
extremities were tense. There were five to fifteen seizures in each twenty-four 
hours. 

The serum calcium was 6.6; phosphorus, 11 milligrams. The urinary phos 
phorus excretion was 0.7 Gm. in twenty-four hours. The Sulkowitch ealeium 
test of the urine was negative throughout. 

Lateral x-ray of the skull showed seattered areas of calcification in the 
basal nuclei and generalized osteoporosis. This osteoporosis was also found in 
all of the long bones. 

The electrocardiogram showed a marked inerease in the Q-T interval. 
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The electroencephalogram showed spiking, slow 6 per second waves, a big 
build-up on hyperventilation with 3 per second waves not typical of the dys 
rhythmia of epilepsy. 

The Binet-Simon test gave an I. Q. of 79; the Rorschach test: ‘‘there is 
much in the structure of the record and in the child’s behavior during the test 
to indicate an organic brain disturbance of an epileptic or convulsive type.’’ 

An intravenous pyelogram showed normal kidneys and ureters. The 
Mosenthal test was negative. 
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There has been a good response to treatment with high-caleium, low- 
phosphorus, acid-ash diet. Treatment with parathyroid extract was inef- 
fective. Treatment with acid-ash, high-ealetum, low-phosphorus diet plus 
Hytakerol brought the blood chemistry to normal. However, the seizures have 
persisted. 

No case of hypoparathvroidism or of the pseudo-ty pe has been reported 
with osteoporosis of the bones. 


92. PREMATURE CALCIFICATION OF THE COSTAL CARTILAGES: 
ITS FREQUENT ASSOCTATION WITH PSYCHONEUROSES 
AND POSSIBLE ENDOCRINE IMBALANCE 


JouNn L. Horner, M.D., St. Louts, Mo. 
(INTRODUCED By S. B. GRANT, M.D.) 


Calcification of the costal cartilages is a process which, while presumed to 
be a matter of ageing, is frequently found in young persons. 

It is generally considered that this deposit is a matter of no consequence. 
lor this reason, perhaps, very little progress has been made in determining the 
factors which cause, or are associated with, the calcification. Association with 
various organic diseases, such as pulmonary tuberculosis, has been postulated 
ut disproved, 

A study of 277 consecutive patients under the age of 40 years has been 
made. One hundred fifty-eight of these were shown by x-ray to have costal 
cartilage calcification, while 119 did not. In addition to age and sex, the follow- 
ing details from the case history were noted: the complaints, the state of nutri- 
tion, the basal metabolie rate, the blood calcium, history of menstrual disorders 
in the women and the final chief diagnosis. 

Significant differences between those persons who showed calcium in the 
costal cartilages and those who did not were found in the number of chief com- 
plaints, the history of menstrual disorders, the percentage with obesity, and 
the final chief diagnosis. In the former group there were twice the number of 
complaints, twice the incidence of obesity, and three times the incidence of men- 
strual disorders. Most remarkable was the fact that the complaints were not 
due to organic disease five times as often in the ealcifieation group. 

It is suggested that premature calcification in the costal cartilages may 
be evidence of a link between psyehiatrie and previously unrecognized endocrine 
disturbanees. T*urther experimental work on voung persons showing this 
phenomenon is needed. 


93. PSYCHOSOMATIC PROBLEMS IN A PRIVATE PRACTICE 


Kpwarp J, Ryan, M.D., anp Puintie W. MorGan, M.D. (By INviration 
IMPORTA, KAN. 


This analysis was made from the office records of two internists in private 
ractice in a community of 15,000 whieh has a large agricultural drawing area. 
‘leavy industry, with its attendant plivsical and psychological problems, is not 

factor. 

To determine the ineidenece of functional problems, 800 consecutive eom- 
Nete office studies were analyzed. Each patient in the study had been sub- 
ected to detailed history, complete physical examination, and a minimum lab- 
ratory and roentgen survey consisting of urine analysis, blood count, sedimenta- 
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tion rate, and chest fluoroscopy, with chest film if considered necessary. Ad- 
ditional appropriate laboratory or other procedures had been utilized where 
indicated. 

It is fully realized that an analysis of this type cannot be entirely ob- 
jective, and that the personal equation must enter into the classification of 
certain patients. As nearly as possible, those patients with demonstrable or- 
ganic disease which might explain the svmptoms were eliminated from the 
functional or psychosomatic classification. Essential hypertension, peptie ulcer, 
and urticaria were classified as organic disease in this survey. 

The 300 cases comprised 119 men and 18l women. 

Of the 800 cases, ninety-two, or 31 per cent, were considered to fall within 
the functional or psychosomatic classification. These ninety-two cases com- 
prised thirty men and sixty-two women. On the basis of these figures, 25 per 
cent of all the men studied and 384 per cent of all the women studied could be so 
classified. Men constituted 40 per cent of ‘the total series and 33 per cent of the 
functional problems. 

An attempt was made to elassify the primary complaint of each of these 
ninety-two patients within an organ system: 


SYSTEM CASES 
Circulatory 27 
Respiratory 5 4 
Gastrointestinal 2] 
Urinary 2 
Neuromuscular 6 
Endocrine l 
Visual l 
Oral (bueeal lesions | 
General (fatigue, tension, headache 30 


A separation of the three major classifications according to sex is as fol 


lows: 
SYSTEM rOTAI MEN WOMEN 
Circulatory 27 [ee 15 
Gastrointestinal 21 D 16 
General (fatigue, ete. 30 9 21 


The oldest woman in the functional series was 69 vears of age, the voungest, 
13. Fifty-five per cent were under 40 years of age which would appear to 
minimize the climacteric factor in production of symptoms. The oldest man 
was 67 and the voungest 21. 

Analysis of causative factors was difficult. Anxiety, in one guise or an 
other, appeared to be of major importance. 

Beneficial results of management coincided closely with the time, patience, 
and practical common sense devoted to each ease. 


94. THE EFFECT OF ENTEROGASTRONE CONCENTRATES ON 
GASTRIC SECRETION IN HUMAN BEINGS 


Cari G. Moritock, M.D. (By Inxviration), RicHarp R. Ferayvornt, M.D. 
(By INVITATION), AND CHARLES F, Cope, M.D., Rocuester, MINN. 


We have studied the effect of enterogastrone concentrate on the vastric 
secretory response of human beines to the injection of histamine and to the 
ingestion of a test meal. An enterogastrone concentrate prepared for parenteral! 
administration and one prepared for oral administration were used in this 
study. The activity of the material prepared for parenteral administration 
was tested on rats and dogs before it was used in human volunteers. 
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The enterogastrone preparation given parenterally produced a threefold 
to fourfold reduction in the volume of gastric juice secreted by rats after pyloric 
ligation. When the enterogastrone was given intravenously in doses of 100 mg. 
or more to dogs with Heidenhain pouches secreting in response to histamine, 
pronounced inhibition of acid output uniformly occurred. 

Knterogastrone concentrate given intramuscularly to ten human volunteers 
in doses of 200 meg. did not affect significantly the gastric secretory response to 
the injection of histamine during a double histamine test. Enterogastrone eon- 
centrate given to fourteen human volunteers in doses as large as 400 me. intra- 
museularly and 18 Gm. orally did not significantly affeet the gastrie secretory 
response to a modified Ewald test meal. 

Although the extract of hog’s intestinal mucosa used for parenteral admin- 
istration inhibited gastrie secretion in rats and dogs, the immediate conclusion 
that this was due to enterogastrone was tempered by the faet that toxie re- 
actions sometimes accompanied its use in dogs. Because contaminating sub- 
stances may have prevented action by enterogastrone in human beines, we do 
not feel that our results can at this time be interpreted to indieate that pure 
enterogastrone will be without action in similar tests on human beings. 


9). A COMPARISON OF THE TWELVE-HOUR NOCTURNAL GASTRIC 
SECRETION IN UNCOMPLICATED DUODENAL ULCER 
BEFORE AND AFTER HEALING 


ERWIN Levin, M.D. (By Invitation), JosSerpH B. Kairsnrer, M.D.. AND 
WALTER LINCOLN PALMER, M.D., Cuicaco, Itt. 


The twelve-hour nocturnal gastric secretion was measured in thirteen pa- 
tients with duodenal uleer during a period when the uleer was easily demon- 
strable roentgenologically and when typical distress was present. The studies 
were repeated in the same individuals after medical treatment had led to heal- 
ing of the ulcer roentgenologically and to the complete subsidence of symptoms. 

During the period of active ulcer, the volume for the entire group averaged 
1,047 @.e., the free acidity of the total volume averaged 58 clinical units, and 
the average output of acid 2,208 milligrams. After healing of the ulcer, there 
was no significant change in the average nocturnal gastric secretion, the volume 
averaging 1,002 ¢.e., the free acidity 54 clinical units, and the output of acid 
1,957 milligrams. <A significant decrease after healing was noted in the volume 
in one patient, in the concentration of acid in two, and in the output of acid in 
one individual. An inerease in eastrie secretion after healing was observed in a 
similar number of eases. 

The average nocturnal gastric secretion in patients with healed duodenal 
ulcer is significantly greater than that found in a group of thirty-three healthy 
normal individuals studied under identical conditions. The seeretion of acid 
n all the patients was continuous and was maintained at a relatively higher 
evel than is seen in normal individuals. In no instance were there periods of 
anaeidity for as long as one hour such as are frequently encountered in nor- 
ial persons. 

The persistence of hypersecretion in the vast majority of cases after heal- 
ng of duodenal uleer emphasizes the importance of continued careful antacid 
therapy in such patients. 
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96. THE INCIDENCE OF SYMPTOMS AND THE GASTRIC SECRETORY 
RESPONSE TO HISTAMINE IN PATIENTS WITIE AND 
WITHOUT CHRONIC GASTRITIS 


JOHN W. Finpuey, JR., M.D. (By Ixvirarion), Josepn B. Kirsner, M.D., AND 
WALTER LINcoLN PaumMer, M.D., Cuicaco, IL. 


To evaluate more completely the clinical significance of chronic gastritis 
in patients with gastrointestinal svmptoms, a comparative analysis was made ot 
the symptomatology and of the gastric secretory response to histamine among 
four groups of cases: (1) fifty patients with atrophy of the gastrie mucosa, 
2) fifty with superficial gastritis, (3) fifty with hypertrophic gastritis, and 
(4) 100 individuals in whom the gastrie mucosa appeared normal gastro- 
scopieally. The absence of other organic disease was established by normal 
physieal examinations, blood counts, urinalyses, normal proctoscopies, and by 
normal x-rays of the gastrointestinal tract. 

The symptoms, with few exceptions, did not vary significantly among the 
four 2TOUps. The incidence of epigastric pain, the most frequent complaint, 
ranged from 44 per cent amone patients with atrophy to 72 per cent among the 
normal subjects. The type, location, and pattern of pain were not distinctive 
for any of the four groups. There were, likewise, no significant differences in 
the incidence of nausea, vomiting, anorexia, constipation, weight loss, weakness, 
bad taste, or sore tongue. Diarrhea was described by 22 per cent of patients 
with atrophy as compared with 4 to 12 per cent for the other groups. The in- 
cidence of hematemesis in hypertrophic gastritis was 6 per cent, superficial 
gastritis, 2 per cent, and none in the remaining groups. <A history of melena 
was encountered in 4 to 6 per cent of patients with gastritis and in one of 
the normal patients. Numbness or tingling of the extremities was reported 
by 6 per cent of patients with atrophy of the gastric mucosa and in 0 to 2 per 
eent of the remaining subjects. The duration of symptoms was essentially the 
same in all four groups. 

Histamine achlorhydria was present in 51 per cent of forty-seven patients 
with atrophic gastritis, 27 per cent of forty-one with superficial gastritis, 9 
per cent of forty-five with hypertrophic gastritis, and 8 per cent of ninety-five 
normal persons. A quantitative analysis of histamine tests performed in 165 
patients indicated, as might be expected, that the smallest amounts of acid were 
secreted by patients with atrophy of the gastric mucosa, with superficial gastritis 
next. The output of acid in patients with hypertrophic gastritis, contrary to 
previous assumptions, did not differ significantly from that of normals. 

The present data indicate that chronie gastritis is not an important cause 
gastrointestinal symptoms 


0 


97. BLEEDING PEPTIC ULCER; A REPORT OF ONE HUNDRED 


SIXTY CASES 


GEORGE C. TURNBULL, M.D., AND EpwiIn S. BRADEN, JR., M.D. (By INviItration ) 
EVANSTON, ILL. 


In 1938 a report was made on the eighty patients with bleeding peptie 
ulcer admitted to Evanston Hospital in the decade 1928 to 1937. The present 
report is an analysis of the 160 patients with bleeding peptie uleer admitted in 
the sueceeding decade, 1988 to 1947. It is made to evaluate further trends in 
management and results thereof. 
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The results of the present analysis indicate that the starvation (or strict 
Sippy) regimen is falling into disuse in a general hospital practice. The early 
use of a relatively liberal and balanced diet has found favor with most attend- 
ing physicians. The results of this policy are shown by the further reduced 
time of bleeding, reduced amount of bleeding, lessened emergency surgery, 
shortened hospital stay, and lowered mortality. 

In the present series there is no instance of surgery to control bleeding, and 
only three had elective surgery, which was done after the hemorrhage and 
anemia were under control. 

It is of interest to note that ascorbic acid blood levels were determined in 
fiftv-seven cases of varying eclinical background. A few had levels within nor- 
mal range, but the majority who had distinetly lowered levels of ascorbie acid 
in the blood showed the most prolonged and severe hemorrhage. 

The inereased availability of blood in recent years has led to the treatment 
of some of these patients with repeated transfusions (up to 6,000 e.c.). In this 
vroup there is no conclusive evidence of inereased bleeding. On the other hand, 
there is no conelusive evidence that repeated transfusions are of value in 
shortening or reducing severity of hemorrhage, although they are the outsand- 
ing means of therapy for shock. 


98, PYLORIC BALANCE IN ILEUS; CONCEPT AND APPLICATION 
WILLARD Barrier, Jr., M.D., St. Louts, Mo. 


lleus is a common e¢linical picture occurring as a complication of a variety 
of disorders, and the nature of the primary etiologic agent may become only a 
matter of speculation unless the patient is seen early in the episode. Mechanical 
small intestinal obstruction may supervene in peritonitis, or vice-versa; the 
factor of depletion of circulating protein by shifts into the peritoneal cavity and 
the edematous bowel wall occurs in each condition and further impairs intestinal! 
tonus. 

In the evaluation of the patient who is seen after several days of illness or in 
following the development of postoperative complications, any additional method 
of obtaining precise information is valuable. The application of continuous 
suction to the indwelling nasal catheter is of therapeutic merit, but if sueh 
decompression is used blindly and without consideration and measurement of 
the components involved, valuable information is not obtained, time is lost 
ind actual harm (dehydration and demineralization of the patient) may be 
done. When properly employed, it affords a unique method of evaluating the 
degree of impairment of gastrointestinal function and vields data of great diag- 
ostie and prognostie significance. 

Quantitative studies begun by the author in 1930 led to the formulation 

! the term pyloric balance to éxpress the volume and direction of flow of gastro- 
testinal secretions through the pylorus per day. In ileus, prognostie value 
es in the facet that the quantity of the negative balance (lost to the body 
‘onomy) varies characteristically with the nature of the crippling agent. Vol- 
mes greater than 1,500 ¢.e. are seen in mechanical small intestinal obstruction, 
rely exceed 1 liter in peritonitis, and are less than 500 ¢.e. in the adynamiec 
eus that follows mere handling of the bowel at operation, particularly in pa- 
ents with lowered cireulating protein. With this factual knowledge, the 
ippling mechanism may be identified more certainly and appropriate treat- 
ent selected. 

If a mechanical factor is clearly present, direct attack on the obstructing 
vent (band or volvulus) should be made if the general condition of the pa- 
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tient is good, particularly if the obstruction is jejunal. Enterostomy without 
exploration remains a most useful method of decompression of obstructed ileal 
loops, especially in the depleted patient or in those who are intolerant of pro- 
longed nasal intubation. Distal emptying will occur after a few days as spasm 
and edema of the bowel wall at the site of obstruction subside and as kinking, 
plastic exudate is absorbed. Nasal catheter suction remains the treatment of 
choice for ileus in which no extrinsic mechanical factor is present, watch being 
kept for evidence of an unresolved abscess or infeeted hematoma which may 
require drainage. 


99. DIAGNOSTIC AND THERAPEUTIC IMPLICATIONS OF ACIDITY 
VARTATIONS IN THE STIMULATED AND NONSTIMULATED 
STOMACH 


Robert B. SCHLESINGER, M.D. (By Invirarion), Leo L. Harpr, M.D. 
(By INVITATION), AND FREDERICK STEIGMANN, M.D., Cuicaco, Iu. 


Alvarez and others have pointed out that the determination of the acidity 
in one gastric aspiration does not give reliable information concerning the 
gastric acidity status. Similarly, variations in the gastric acidity have been 
noted during fractional gastric analyses. In the present study we were im- 
pressed by marked variations in the acidity in the stimulated and unstimulated 
stomach not only from day to day but also during each fifteen-minute period 
and during the time of the experiment, and by their diagnostic and therapeutic 
implications. 

Thirty-five patients with uleer and four normal controls were tested for 
free and total acidity at fifteen-minute intervals for one- to two-hour periods 
daily for five to ten days under standard conditions. Gastric stimulation was 
produced by 0.1 ¢.c. of histamine diphosphate 1:1,000 solution per 10 kilograms 
of body weight. 

Gastrie acidity in nonstimulated ulcer patients varied from 25 to 148 units 
on successive days during the same period of time (8 to 10 a.m.). In the con- 
trols it varied from 0 to 19 units. Following histamine injections the acidity 
response varied from 6 to 96 units in the patients with uleer and from 26 to 57 
units in the controls. In one patient with gastric ulcer tested at almost weekly 
intervals, the acidity ranged from 0 to 29 units before and 11 to 62 units fol- 
lowing histamine stimulation during a period of three months. 

Gastric acidity varies at any given time over a period of days or weeks 
whether stimulated by histamine or not. These well-known variations may be 
caused by one of many influences acting upon an individual throughout the day, 
and should be taken into consideration when the therapeutic effect of any sub- 
stance is evaluated, inasmuch as otherwise erroneous conclusions can be made 
by either condemning or approving a certain substance, depending upon the 
gastric secretory activity on that particular day. 

Only prolonged observations on a large number of patients can give a 
clearer picture concerning the effect of a substance on gastrie secretion. <Al- 
though the daily variations are marked (as seen from the tables), the aver- 
age obtained from a large sample (over 200 analyses) results in an almost flat 
curve. 

In evaluating substances for ulcer therapy by testing them for their antacid 
effect, the periodie variations in gastrie acidity occurring normally must be 
earefully considered. 
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100. GASTRIC ACIDITY RESPONSE DURING THE INTRAVENOUS 
ADMINISTRATION OF PROTEIN HYDROLYSATES 


FREDERICK STEIGMANN, M.D... Mircuenin Zweig, M.D. (By INvITaTION), AND 
Kart A. Meyer, M.D. (By INvrratrion), CHicaco, [Ltn 


The gastric secretagogue effects of protein and produets of protein digestion 
when given orally are well known, but the effeets of intravenously administered 
protein hydrolysates on gastric acid secretion have been studied by few workers. 
During an investigation of the clinical uses of protein hydrolysates, such ob- 
servations on the gastric secretory response were made in a moderately large 
number of patients who received various types of protein hydrolysates with 
water or glucose as diluents. 

After a control period of gastrie secretion obtained during a saline infusion 
for forty-five to sixty minutes, one of the protein hydrolysates was infused. at 
about 72 drops per minute, and the eastrie aspirations continued for another 
hour at fifteen-minute intervals. Six types of protein hydrolysates (varying 
according to their preparation and diluent) were studied. Each proteolysate 
was tested a minimum of eleven and a maximum of twenty-four times, 162 tests 
being performed altogether. 

All solutions stimulated gastrie acidity to varying degrees and in varying 
percentages of the patients tested. Complete vagotomy (five patients) and 
thoracie svmpatheetomy and splanchnicectomy (three patients) did not change 
the foregoing observations. Plasma infusion caused no rise, while 10 per cent 
dextrose solutions caused a decrease in the gastrie acidity. 

The inerease in gastri¢ acidity during the intravenous infusion of protein 
hydrolysates may be due to various faetors which require further investigation. 
The same proteolvsates in a dextrose solution caused a smaller rise in gastrie 
acidity and in a smaller number of patients. The pH of the solution seemed 
to be a factor also. Thus, the hydrolysates with a pH of 4 gave a higher acidity 
response than those with a pH of 6.5 to 7.0 (81 to 31 per cent, respectively, in 
forty-three tests). While the histamine content of these mixtures could be 
considered the eause of the gastric acid response followine their intravenous 
administration, the results did not bear this out clearly. The hypoglveemia 
suggested by some observers as a cause for inereased gastrie secretion was not 
encountered in our patients. 

These observations suggest that various known and some unknown factors 
may cause increased gastric acidity during protein hydrolysate infusions. In 
the clinieal use of protein hydrolysates, therefore, one must attempt to eliminate 
at least the known various factors which possibly inerease the gastric acidity, 
heeause such an increase may be harmful in some patients. 


101. EXPERIENCES WITH NEEDLE BIOPSY OF THE LIVER IN 
HEPATIC CIRRHOSIS 


Rn. C. CoGSwWELL, M.D. (By INviration), F. CLEVELAND, M.D. (By INVITATION), 
M. A. Gait, M.D. (By Invitation), F. Werissrop, M.D. (By INVITATION), AND 
L. Scuirr, M.D., CINCINNATI, OHIO 


Needle biopsy of the liver has revealed the presence of hepatic cirrhosis in 
Xty-six patients seen at the Cincinnati General Hospital during the past four 
nd one-half years. The cirrhosis was classified as: nutritional (aleoholie) in 
hirty-seven, postnecrotic in seventeen, biliary in four, and was unelassified in 
ight. In the course of the clinical study, the following laboratory tests were 
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performed in most of the cases: cephalin-cholesterol flocculation, thymol tur 
bidity, bromsulfalein exeretion (5 mg. per kilogram of dye, retention in forty 
five minutes), and serum bilirubin concentration. In over one-third of the 
cases total serum protein and albumin /globulin ratios were determined. The 
clinical diagnosis of cirrhosis was confirmed by the biopsy in fifty-five patients. 
In the remaining eleven, cirrhosis was first recognized as the result of the 
liver biopsy. 

An attempt was made to correlate the histopathologic changes with the 
results of the various tests. The morphologie alterations were classified accord 
ing to the degree of fatty vacuolization, cellular degeneration and necrosis, bile 
stasis, inflammatory reaction, and fibrosis. In the group of thirty-seven patients 
with nutritional (alcoholic) cirrhosis such a correlation study has been accom 
plished. Jaundice or hyperbilirubinemia was present in twenty of these pa 
tients; the thymol turbidity was increased in fifteen and normal in twenty; the 
cephalin-cholesterol flocculation was positive in thirty and negative in seven; 
bromsulfalein retention was present in twenty-nine and absent in five. Exeept 
for more marked fibrosis in the patients with either positive cephalin flocculation 
tests or abnormal bromsulfalein retention, there was no direct correlation be 
tween the results of the tests and the character of the histopathologie changes 
noted. 


102. THE BLOOD AND BONE MARROW IN PATIENTS WITH 
CIRRHOSIS OF THE LIVER 


LAWRENCE BERMAN, M.D. (By INviration), ARNOLD R. AXELROD, M.D. 

(By INVITATION), SAMUEL D. JAcosBson, M.D., THomas N. Horan, M.D. 

sy INviration ), E:MorE C. VonpeRH EipeE, M.D., AND ELWwoop A. Suarp, M.D. 
Devrroir, MICH. 


The peripheral blood and bone marrow findings in cirrhosis of the liver 
have been analyzed on the basis of a review of the literature and the authors’ 
study of twenty-five patients with diagnoses verified by biopsy of the liver. The 
principal blood findings are maecrocytie or normoeytic anemia with normal or 
elevated mean corpuscular hemoglobin values, Ivmphopenia, and thrombocyto 
penia in the majority of the cases. Anemia may be independent of bleeding, and 
the severity of the anemia or macrocytosis does not appear to be related to the 
severity or duration of the liver lesion, although this appears to be true of ex 
perimental cirrhosis in rats. Absolute lymphopenia, regardless of the total 
leucocyte count, is the most constant significant alteration of the leucocyte pic 
ture. 

The consistent change in the bone marrow is extension of the marrow organ 
so that active hematopoiesis is found in the shafts of the long bones. Regardless 
of the presence or absence of bleeding or anemia, the marrow of the sternum is 
of normal or increased cellularity, with normal or increased erythrocytogenesis 
and megakaryoecytogenesis in most eases. 

Even in patients with advanced liver lesions hypocellularity of the marrow 
is an unusual finding, in spite of peripheral anemia which is often characterized 
by a lack of signs of accelerated regeneration of red cells. 

Macronormoblastic erythropoiesis is seen in patients with macroeytic anemia, 
but megaloblastie erythropoiesis does not result from hepatic cirrhosis. 

The presence of peripheral eytopenias (anemia and thrombocytopenia) in 
spite of normal or increased formation of erythroblasts and megakaryocytes in 
the marrow is suggestive of hypersplenism. The well-known involvement of the 
spleen in patients with hepatic cirrhosis is additional evidence in favor of this 
view. 
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In patients with chronic hemorrhage, the blood and sternal marrow pictures 
are those of iron deficiency anemia, although other changes such as lymphopenia 
and thrombocytopenia tend to persist. 

The changes described in the blood and bone marrow are not considered 
pathognomonic of hepatic cirrhosis, even though they appear to be characteristic 
of the disease. The combined blood and sternal marrow study is useful in 
establishing the diagnosis of cirrhosis of the liver in patients in whom other 
diseases have obscured its manifestations or in whom historical evidence was 
absent so that the clinical diagnosis was difficult to make. 


103. THE ROUTINE USE OF THE SERUM FLOCCULATION REACTION 
WITHTHE HAYEM’S SOLUTION 
KMANUEL KEK. MANbEL, M.D., AND DeELMo A. Parts, M.D., Cuicaco, IL. 
(INTRODUCED BY HTANS Porrrr, M.D.) 


A serum flocculation test with Hayem’s* solution has been described by 
(iros as being a fine indicator of hepatic disease. The simplicity of his method 
appeared to justify an attempt at using it as a screening test. A modification 
of the original Gros test, necessitated by apparent shortcomings, was employed 
routinely in a series of 500 patients. The technique consists chiefly in mixing 
equal volumes of serum and Hayem’s solution. Development of a precipitate 
within twenty-four hours is considered a positive result. 

Seventy-two patients had a positive I] (Hayem’s) test. They may be 
classified as follows: acute hepatitis, five; cirrhosis of liver, ten; prolonged ob- 
structive jaundice (two to six months), three; neuro- and cardiovascular syphilis, 
one; syphilitie chanere, two; active infectious or rheumatoid arthritis, eight; 
acute rheumatic fever, one; severe congestive failure, two; chronie lung infee- 
tions (including pleuritis), fourteen; acute infectious diseases, fourteen; neo 
plastie diseases, eight; pyonephrosis, one; thyrotoxicosis, two; and scleroderma, 
one. 

In all cases of this group and in many of the H-negative group, one or more 
of the following tests were carried out: sedimentation rate, cephalin floceula- 
tion, thymol turbidity, zine sulfate turbidity, and Takata-Ara. The incidence 
of abnormal results of these tests was considerably higher in the H-positive than 
in the H-negative group. Likewise, hyperglobulinemia was far more frequent 
in H-positive than in H-negative sera. A significant increase in gamma elobulin 
is determined by the Cohn-Wolfson method was found in all of the thirty-five 
'1-positive sera in which this determination was performed. 

In some instances a positive H-reaction was the only pathognomonic sign 
| the time of the patient’s first examination, followed sooner or later by the 

liscovery of the responsible disease (cirrhosis, metastatic neoplasm, pyoneph- 
sis, pleuritis, active tuberculosis). No false positive reaction was encountered. 
ll of these seventy-two patients were seriously ill even though the initial symp 
ms did not always betray this fact. 

The H-negative group of 428 patients included a variety of conditions as 
ey are encountered in the average hospital population. Among them were ten 

ses of acute hepatitis and three of (recent) obstructive jaundice, but none of 
rrhosis of the liver. 

The conclusion is warranted that the H test is capable of revealing diseases 
ising serum protein alterations. Hyperglobulinemia and particularly in- 
vases of gamma globulin appear to be chiefly responsible for a positive reaction. 


*Mercury pbichloride, 0:25; sodium sulfate, 2.50; sodium chloride, 1.00; distilled water, 
00, 
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Consequently it may reveal not only a hepatic disorder but also systemic infee- 
tions and malignant diseases. A negative test does not rule out any such econ- 
ditions except perhaps cirrhosis of the liver. These findings and the simplicity 
of the test would favor its adoption as a routine elinieal procedure. 


104. THE INFLUENCE OF INGESTION OF VARIOUS LIPIDS UPON 
THE THYMOL TURBIDITY 
HANS Popper, M.D.. FREDERICK STEIGMANN, M.D... Harrie DyNiewicz, Pu... 


(By INVITATION), AND ALVIN Dusix, M.S. (By INviration ), CHicaco, IL. 


The thymol turbidity depends on the interplay of various factors among 
which the serum lipids appear the one most easily influenced experimentally. 
Hence the thymol turbidity was determined in 168 patients with various diseases 
before and three and six hours after the intake of various lipids. The turbidity 
rose, in general, after the ingestion of almost every type of lipid, the highest 
rise being encountered after administration of 50 Gm. of butter. The addition 
of 6 Gm. of choline to the butter usually enhanced the rise in the thymol tur 
bidity. Choline alone elevated the thymol turbidity significantly less than butter 
with choline or butter alone. In five patients in whom the elevation of the 
thymol turbidity after the administration of butter and choline was compared 
with the rise of the serum »Hhospholipids and total lipids, the slope of the thymol! 
turbidity curve paralleled far more that of the serum phospholipids than that 
of the total lipids. The same was found in three patients in whom the response 
of the thymol turbidity, serum phospholipids, and total lipids was determined 
after the intake of either butter or choline alone. [t was therefore coneluded 
that the response of the thymol turbidity to the intake of choline or butter 
reflects primarily an elevation of the serum phospholipids. This is in keeping 
with the reported high concentration of phospholipids in the serum precipitate 
produced by the addition of thymol and by the known relation of choline to the 
serum phospholipids. The zine sulfate turbidity—reflecting primarily gamma 
elobulin (Kunkel) was determined in almost all instances simultaneously with 
the thymol turbidity; it represents an important supplement to the diagnostic 
use of the thymol turbidity and is to a much lesser degree influenced by lipid 
intake. 

The alimentary rise of the thymol turbidity was on the average over 3 units 
in control subjects. It was depressed to a statistically significant degree (to 
about 1 unit) in infections, carcinoma, cirrhosis, and obstructive jaundice, and 
also in cardiac and wasting diseases. The smallest response, if any, was noted 
in gastrointestinal diseases. In acute infectious hepatitis the postprandial rise 
was almost normal. The response of thymol turbidity to the intake of butter 
and choline can thus be considered as a simple clinical test of intestinal absorp 
tion of lipids, most probably reflecting the phospholipids. 


105. COMBINATION OF FLOCCULATION TESTS IN THE 
DIFFERENTIAL DIAGNOSIS OF JAUNDICE 


FREDERICK STEIGMANN, M.D., HANS Popper, M.D., ANp 
BERNARD H. SHULMAN, M.D. (By INVITATION), CHICAGO, ILL. 


In 455 patients, 262 with jaundice, the cephalin-cholesterol flocculation, 
thymol turbidity, and thymol flocculation were performed, and in almost all 
of them also the Takata-Ara, colloidal red, Gros (flocculation with Havem’s 
solution), and zine sulfate turbidity (Kunkel) tests. 
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Most sensitive in the recognition of liver damage, in order of decreasing 
frequency, were the Gros test, the zine sulfate turbidity, thymol turbidity, col- 
loidal red test, cephalin-cholesterol floceulation, thymol floeeulation, and Takata- 
Ara test. 

In general, all flocculation tests were abnormal in a mueh higher percentage 
of patients with medical (patent extrahepatic biliary tract) than with surgical 
(obstructed extrahepatic biliary tract) jaundice. However, the number of 
false positive or negative tests with each individual test was too high to permit 
much reliance on the results of individual tests in the differential diagnosis. 
Purulent hepatitis produced by bacterial infection of the portal triads shows, 
though surgical in nature, the same results in the flocculation tests as the medical 
types of hepatitis. However, liver cell damage caused by biliary obstruction 
alone (biliary hepatitis) reveals, as a rule, negative or only slightly positive 
flocculation tests. If the possibility of a purulent hepatitis which ean be 
recognized clinically by signs of septicemia is considered, the diagnostie value 
of the individual flocculation tests is somewhat increased. If the results of 
cephalin flocculation, thymol turbidity, Gros test, and zine sulfate turbidity 
are dovetailed with each other by bringing them into a system which considers 
the degree of alteration of these tests, the percentage of those wrongly diagnosed 
as medieal (false positives) was redueed to 3.5 per cent and of those wronely 
diagnosed as surgical (false negatives), to 18 per cent of all jaundice cases. 

In the differentiation of cirrhosis from infectious or toxie hepatitis, zine 
sulfate turbidity and Gros tests are of particular value; they are highly path- 
ologie in cirrhosis even with only slightly increased cephalin flocculation and 
thymol turbidity and moderately pathologie in acute hepatitis even if cephalin 
flocculation and especially thymol turbidity are greatly elevated. The Takata- 
Ara test is positive in eases with highly elevated zine sulfate turbidity. 

A quantitative correlation of the results of several flocculation tests may 
he useful for the differentiation between medical and surgical jaundice on the 
one hand and acute and echronie hepatitis (cirrhosis) on the other. 


106. INFLUENCE OF ENDOGENOUS AND NUTRITIONAL FACTORS 
UPON THE PLASMA VITAMIN A ALCOHOL 


HANS PopreR, M.D.. FREDERICK STEIGMANN, M.D., HAtTiIr DYNIEw!Icz, PH.C. 
(By INVITATION), AND ALVIN DuBIN, M.S. (By INvrtTaTIon), CuHIcaco, ILL. 


The total plasma vitamin A level reflects only vaguely temporary changes 
in vitamin A nutrition (it is reduced only in prolonged deficieney), and is 
significantly influenced by endogenous factors, for example, liver diseases or 
nfections. Vitamin A in plasma and tissues occurs in either the free (aleohol) 
' the esterified form. Four-fifths of the total plasma vitamin A is normally 

free form, whereas the liver contains primarily esterified vitamin A, 

The question arises as to the influence of nutritional as well as endogenous 
ictors upon the fractions of the total plasma vitamin A. In 276 control sub- 
ets and patients suffering from various diseases, the vitamin A esters only 
arely were decreased below the normal (around 10 pg per 100 ¢.c.) but were 
snificantly inereased in nephrosis and erratically increased in various. ill- 
sses, especially liver diseases. The alcohol fraction, however, was significantly 

lueed (from about 40 to almost 15 pe per cent per 100 ¢.¢.) in carcinoma, 
alnutrition, wasting diseases, infections (such as pneumonia) and liver dis- 
ises. especially cirrhosis, in which the lowest levels (for example 2 ng per 100 

were observed. Under pathologic circumstances the esters may represent 
en under fasting conditions more than 90 per cent of the total plasma vitamin 
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A. Endogenous hypovitaminemia A, therefore, is caused almost entirely by a 
reduction of the aleohol fraction, the esters often even being elevated. This 
effect can be explained by impaired release of vitamin A alcohol from the 
damaged liver due to inactivation of vitamin A esterase which normally con- 
verts the liver vitamin A ester to alcohol. Presence of esterase could be demon- 
strated in human liver and serum. 

Intake of 75,000 units of vitamin A in aqueous or oily menstruum raises 
the plasma vitamin <A esters for several hours. They may then represent in 
controls 80 per cent of the total vitamin A since the alcohol level does not rise 
during this period (twelve eases). Prolonged effeet on vitamin A nutrition, 
however, was reflected in the plasma vitamin A alcohol. In eighteen persons 
who were given alternately for one to two weeks a diet containing less than 100 
units of vitamin A daily or a normal diet with daily supplements of 10,000 units 
vitamin A, the plasma vitamin A aleohol level was, as a rule, significantly 
higher during the supplemented period than during the vitamin A poor period. 
A few exceptions found under pathologic conditions require further explana- 
tion. The vitamin A esters did not reflect the vitamin A intake, often being 
elevated during the vitamin A poor period. 

It is coneluded that both endogenous and general nutritional factors in- 
fluence primarily the vitamin A alcohol level and that the latter, being inde- 
pendent of postprandial effects, represents a more sensitive index of vitamin A 
nutrition than the total vitamin A level. 


107. STUDIES OF THE INFLUENCE OF OXYQUINOLINE DRUGS ON 
GROWTH OF ENDAMOEBA HISTOLYTICA AS MEASURED IN 
BLOOD IODINE LEVELS OF MAN 


Atva A. Knigut. M.D.. AND JEANNE MILLER, M.A.. Cuicaco, ILL. 
(INTRODUCED BY Rorert W. KEETON, M.D.) 


In the study of iodine absorption in the oxyquinoline drugs in man, we 
found blood levels of iodine to be approximately 100 gammas in Anayodin and 
chiniofon, 400 gammas in Vioform, and SOO gammas in Diodoquin. 

We then began the study of growth curves of Endamoeba histolytica in 
mixed bacterial flora in media consisting of equal parts of human serum and 
egg yolk infusion. Counts of both the amoeba and the bacteria in the inoculum 
were made, and these counts were repeated in the inoculated media at twelve, 
twenty-four, forty-eight, seventy-two, and ninety-six hours. The peak growth 
of EF. histolytica occurred at forty-eight to seventy-two hours, while the bacteria 
continued to grow protusels for a longer period without diminution. 

The patient was then given one of the oxyquinoline drugs for seven to ten 
days and the blood again drawn and its iodine content in gammas determined. 
Culture media of equal parts of serum and egg yolk infusion was again prepared 
and the inoculations made as before. The counts of EF. histolytica and bacteria 
were made at the same time intervals as before. A total of over forty patients 
was studied. 

Inoculated media containing 100 gammas of iodine showed a slow growth 
of FE. histolytica continuing to seventy-two and ninety-six hours, but not the 
continuing rise to forty-eight or seventy-two hours previously shown. Growths 
became less active as the iodine level rose, and between 250 and 300 gammas no 
growth beyond forty-eight hours was shown. Levels of 400 to 600 gammas 
showed a progressively shorter growth period—rarely was any growth present 
at twenty-four hours. 

The bacterial growth was uninflueneed hy the varying iodine levels. 








ao 
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Studies in fecal concentrations of iodine have been made on a few patients. 
Other iodides are being studied in like 


manner and are to be reported on 
at a later date. 


10s. THE CLINICAL EVALUATION OF DUODENAL SUBSTANCE IN 
CHRONIC ULCERATIVE COLITIS 


Micuar. H, Srremcuer, M.D., Cricaco, Inn. 


Duodenal substance was administered to thirty-five patients who had chronic 
ulcerative colitis. The dosage used varied from 12 to 48 tablets daily, each 
I. (im., administered uninterrupted|y for one Vear. No other specific medica- 
tion was used. The patients were on a controlled diet. 

Comparative clinical evaluations were made as to the frequency of exacerba- 
tions in the disease before and after intake of duodenal substance, frequency of 
stools, presence of blood in the stools, gain or loss in weight, exaggeration or 
alleviation in abdominal cramping, and the general well-beine of the patients 
under treatment. 


The results obtained in 85 per cent of the patients were very favorable: 


1. Exacerbation of the disease was noted in three instanees. 
2. The majority of the patients gained weight. 
3. The majority of the patients felt better and ate better while receiving 


duodenal substanee, 


4. Duodenal substance may be considered a very valuable aid in the therapy 
of chronie ulcerative eolitis. 


109. THE CYTOLOGIC DIAGNOSIS OF CANCER OF THE STOMACH: 
PRELIMINARY REPORT 


JEROME M. Swarts, M.D. (By INviration), ARTHUR BERNSTEIN, M.D. 
(By INviration), ALEX B. Racins, M.D. (By INviration), AND 
Jacop Meyer, M.D., Cricaco, Int, 

The need for additional diagnostie methods for the purpose of detecting 
sastrieé neoplasms is well known. While the tested techniques of x-ray and 
rastroscopy are adequate in most eases, the results of these examinations not 
nfrequently are equivocal or negative in the presence of a malignant tumor of 

e stomach. 
The recent application of the eytologie technique in the diagnosis of cancer 
the uterus has given impetus to wider application of the method in the diag- 
sis of neoplasms of the respiratory and genitourinary tracts. This method 
s been further utilized to a limited degree in the detection of carcinoma of 

stomach. 

In undertaking this study it was our purpose to evaluate its effectiveness 
th as an individual test and as a test complementary to roentgenography and 
troscopy in a large general hospital. 

The method employed has been that of fasting gastrie lavage with physio- 
i¢ salt solution. The sediment obtained is smeared on glass slides, the smears 
ng relatively thick. The stain which we have found most reliable is EA 36 
‘apanicolaou). In addition we have also used the method of formalin fixation 

paraffin section, staining the latter with stain EA 36 and with the standard 
matoxylin and eosin stains. 

All of the patients studied had clinical histories suggesting the possibility 
gastric neoplasms. In the beginning we employed thin smears in forty-nine 
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instances. but because ot the paucity ot cells, this technique Was abandoned, 
This report is based upon the study of 175 cases employing the thick smear 
technique. The paraffin section method has been used concomitantly in approxi 
mately 150 of these cases. Diagnoses in these cases included (1) eareinoma 
of the stomach, (2) gastric uleer, (38) duodenal ulcer, (4) benign gastrie neo 
plasms, and (5) gastritis and a variety of extragasiric diseases. 

Of the 175 cases, about thirty-five cases of gastric carcinoma are ineluded 
We have been able to make definitely positive diagnosis in approximately 35 
per cent of these cases. Those cases of carcinoma of the stomach in which we 
were unable to make a positive evtologie diagnosis were cases ino which thi 
smears, because of the presence of debris and poorly preserved cells, allowed 
no interpretation. The two most important factors which prevent our making 
a positive diagnosis are (1) gastric retention and (2) the presence of large, 
necrotic tumors. The other factor is the infiltrating type of tumor without 
mucosal involvement. The proportion 6f false positive reports should not ex 
ceed 10 per cent, and we feel that this figure will be reduced even further. Thi 
results of the paraffin section studies parallel those of the smear study ; thre 
hematoxylin and eosin stains seem to be preferable when the former teehniqu 
is used. In several instances we failed to find tumor cells preoperatively, and 
washings of the resected specimens also failed to reveal malignant cells. 

This is a preliminary report. The series is as yet too small and the method 
too new to give statistically valid results. In the individual case, however 
when other methods of examination give equivocal or negative results, a posi 
tive evtologie diagnosis may solve the problem. 


110. COMPARATIVE NITROGEN BALANCE STUDIES OF ORAT 
PROTEIN DERIVATIVES AND NATURAL PROTEIN IN 
PROTEIN-DEFICIENT PATIENTS 


Donatp D. Kozoti, M.D., AND GorpoN MacNerarn, M.D. (By Ixvrratrion) 
('Hicaco, Tun. 


Abundant evidence exists proving that oral protein digests are both prac 
ticable and biologically efficacious. A question which logically arises is: i 
patients are capable of ingesting a processed protein, what advantages does 
such a preparation offer over natural protein? A metabolic study in’ whic! 
svnthetie and natural proteins are evaluated in the same protein-depleted patient 
has not, to our knowledge, been presented. 

The opportunity to conduct such a study on three severly hypoproteinemic 
and hypoalbuminemie subjects presented itself in the course of a metabolic 
project designed to determine the relative biologie indices of a preparation o 
gluten with and without 1 per cent Ivsine. After having been on a regime! 
of protein therapy calculated to produce bare nitrogen equilibrium for period 
of from thirty-four to fifty-five davs, the patients showed no signs of ¢linica 
improvement or of regeneration of serum proteins or albumins. The patient 
were then given gluten with 1 per cent lysine* to the point of tolerance fo 
periods of from eight to ten days, then equivalent amounts of natural protein 
such as meat, eges, and milk, and finally they were allowed diets combining 
maximal quantities of both. Daily nitrogen analyses of urine, stool, and in 
gested protein were carried out. Body weight, total serum protein, and serun 
albumin determinations were made at the beginning and conclusion of eac 
period. 


*Provided by Interchemical Corporation. 
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Results.—The maximal quantities of gluten with 1 per cent lysine ingestable 
averaged 22.8, 26., and 28.6 Gm. nitrogen per day for patients weighing 44.3, 
92.0, and 55 kilograms respectively. This produced positive nitrogen balances 
of 9.5, 9.4, and 10.9 Gm. nitrogen per day respectively, 

The maximal quantities of natural protein ingested ran 24.8, 26.5, and 
28.6 Gm. nitrogen per day in the same order as previously given. The positive 
nitrogen balances were 7.5, 11.8, and 9.7 Gm. nitrogen per day in the order 
deseribed. 

The patients were able to ingest mixtures of the two sources of protein 
in the average ratio of two parts of the protein derivative to one part natural 
protein. Accordingly, 51.0. 407. and 55.8 (im. nitrogen per day, respectively, 
were ingested (on the basis of body weight this was 6 (im. or more protein per 
kilogram per day). This produced positive nitrogen balances of 18.8, 18.4, and 
30.6 Gm. nitrogen per day respectively. 

Total serum protein concentration inereases for all three periods were 1.5, 
3.3, and 2.2 Gm. per 100 ©¢.¢. respectively. /nereases in serum albumin concen 
tration were 1.1, 2.1, and 2.0 Gm. per 100 ¢.¢. respectively. 

(rains in body weight of 6.1, 7.0, and 6.3 kilograms, respectively, were noted 
at the end of the experiment. 

Conclusions. 

(1) In two out of three protein-depleted patients, eluten with 1 per cent 
lvsine produced a significantly better nitrogen balance than did similar quan 
tities of natural protein. In a third patient the reverse was true. 

(2) Combining a protein derivative with natural protein enabled the 
patients to ingest considerably more nitrogen than possible with either one alone. 

3) The ingestion of 6 or more grams of protein per kilogram per day was 
therapeutically feasible. 

(4) Significant responses in total serum proteins, serum albumin, and 
wdy weight were seen. 


11. EXPERIENCES WITH A MERCURIAL DIURETIC 
FOR SUBCUTANEOUS INJECTION 


JoseEPH F. Borc. M.D.. AND Davin M. Craic, M.D. (By INVITATION 


Sr. Pau, MINN. 


A new mercurial diuretic, prepared for subeutaneous administration, has 
en tried clinieally in office and hospital practice. Thiomerin is an organo- 
ereury compound combined with mereapto acetate, forming a mereaptide. 
is a readily soluble white powder, which is diluted with water to contain 40 
». of mereury per cubie centimeter. Preliminary reports show it to have a 
v incidence of local or systemic toxicity in animals. 

The present report includes observations on thirty patients who have re- 
ed from 1 to 50 subcutaneous injections of Thiomerin. The patients had all 
n under our observation, and most of them required frequent intravenous in- 
tions of one of the mereurial diuretics for control of congestive failure. Pa- 
its were maintained on ammonium chloride in dosage of + to 6 Gm. daily pre- 
ling and during the eourse of the present observation. Digitalis was eon- 
ied if the patient was previously digitalized. Changes in the morning 
eht and also clinieal observations of edema and pulmonary congestion were 
das eriteria of diuretie effect. The dosage was usually 1 ¢.e., but ranged from 
}to2 ec. Following injection, diuresis began in two to six hours and lasted 
m twelve to forty-eight hours. The weight loss was proportional to the 
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amount of edema and was usually two to five pounds, with extremes of zero 
to fifteen pounds. Three patients, followed for three months, have maintained 
a steady edema-tree weight by substitution of Thiomerin for intravenous mer 
ceurials. 

The injections have been surprisinely free from local reaction. Onc 
patient developed a sore nodule, still present after one month; another com 
plained of local tenderness, lasting one week. About one-third of the patients 
experienced systemic symptoms, ranging from slight muscle cramps to severe 
prostration, cramps, and diarrhea, lasting from twelve to seventy-two hours 
The more severe reactions were associated with greater urine output, although 
there was considerable individual variation. Usually subsequent injections, 
even with comparable diuresis, were attended by lesser or absent reactions. In 
four patients the use of Thiomerin was discontinued because of the severity of 
the symptoms. We have found Thiomerin a satisfactory diuretie for subeu 
taneous administration in the majority Of patients. There is a low incidence 
of local reactions. Systemic reactions are more frequent than are seen afte 
intravenous mereurials. When these occur, they are related to the degree oi 
diuresis and can usually be prevented by the use of smaller doses. 


112. RENAL EXCRETION OF SALICYLATE DURING 
TREATMENT OF ACUTE RHEUMATIC FEVER 


Wittiam S. Horrman, M.D., AND CATHERINE NOBE, B.S. (By [INVITATION 
CHIcaco, IL. 


Clearance studies were carried out in twelve patients who were conva 
leseing from acute rheumatic fever but were still taking large doses ot aspirin 
6 to 9 Gm. daily). Urine salicylate Was partitioned into total salicylate, Pree 
salievlate, and salicylurate by the method of P. Kk. Smith and colleagues. Chilo 
ride and creatinine clearances were likewise determined. After these tests thi 
subjects were placed on an alkalinizing regimen with doses ef 2 to 3.3 Gm. ot 
sodium bicarbonate every six hours for three days in addition to the regular 
aspirin medication. The clearance tests were then repeated. The urinary pll 
was noted in both sets of experiments. Plasma salicvlate was found to be 
practically entirely unconjugated and was calculated as if it were all unbound, 
even though from 60 to 90 per cent has been found by other investigators to be 
bound to protein. To rule out the effect of alkali on the glomerular filtration 
rate, the apparent free salicvlate clearances were expressed as ratios of salicy 
late to creatinine clearance (SA/C 100), as were ehloride clearances (C1/C 
100 
During the initial tests, when the urine pH ranged from 4.98 to 5.99 
SA/C x 100 ranged from 0.84 to 2.48, while Cl/C x 100 ranged from 0.45. to 
3.16. In other words, the free salievlate ions which were filtered by the glomer 
uli were resorbed by the tubules almost as completely as chloride, if the urin 
was strongly acid. In the second set of experiments, when the urinary pl! 
ranged from 6.22 to 7.98, SA/C = 100 ranged from 4.6 to 22.8 or from two to 
eight times as high as when the urine was acid. The true clearance of unbound 
plasma salicylate would have been three to five times higher than these values 
In other words, in the presence of excess sodium ions, free salicylate was 
cleared almost as well as mannitol. This phenomenon would account for the 
lowering of plasma salicylate levels when alkali is given. 
The ratio of free salicylate to total salicvlate in the urine was found to br 
proportional to the pH of the urine, being as low as 0.10 when the urinary pH 
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was about 5.0 and as high as 0.66 when the pH was 7.75. Thus alkalinization 
did not affect the exeretion of conjugated salievlates, which were apparently 
already maximally high. In fact, with the absenee of detectable amounts of 
conjugated salicylates in the plasma, it appeared that conjugated salicylates 
were either formed in the renal tubules or secreted by them like diodrast or 
hippurates. 

Chloride-creatinine clearance ratios were not found consistently increased 
after alkalinization. Since the excretion of chloride is affeeted by many factors 
which could not be controlled in these experiments, these results are not supris 
ing. Yet the dependence of both chloride and salievlate excretion on the amount 
of fixed base available for excretion would make it appear that both compete 
with each other for the available base and that under the conditions of acid 
urines, both are for the most part retained. This might explain the high plasma 
chloride and relatively low sodium concentrations found during salicylate 
therapy. 


113. THE RECORDING OF OXYGEN SATURATION OF HEMOGLOBIN 
BY A WIOLE-BLOOD OXIMETER AND ITS APPLICATION 
TO CLINICAL INVESTIGATION 


DALE GRooM, M.D., Eart H. Woop, M.D., ANp Howarp M. Opet, M.D. 


ROCHESTER, MINN. 
(INTRODUCED By H. B. BurcHELL, M.D. 


A photoelectric oximeter has been devised, by means of which the degree 
of oxygen saturation of whole blood can be measured instantaneously and 
continuously, independent of the total content of hemoglobin, with a degree of 
accuracy sufficient to warrant its use in place of the Van Slyke gasometric 
analysis procedure in a variety of clinieal and research applications. 

The method is based primarily on two physical principles: (1) that of 
measurement of concentration of the chief blood pigments, oxyhemoglobin and 
reduced hemoglobin, in terms of their transmission of light according to Beer’s 

iw and (2) the differential light-absorption characteristics of these pigments 
i two spectral regions. 

Whole blood, either in the form of a small sample or in continuous flow, 
contained in a polythene tube which has an internal volume of 0.5 ¢.c. and 
transilluminated by a constant-intensity light source. The emergent light 
recorded in two selenium barrier-layer photoelectrie cell cireuits, one fil- 
red to pass the red light wave lengths (650 to 750 millimicrons). which are 
insmitted almost exclusively by oxyhemoglobin, the other filtered to record 
the near infrared (750 to 1,000 millimicrons), where both oxyhemoglobin 
| reduced hemoglobin transmit with approximately the same facility. Since 

red cell current represents blood concentration of oxyhemoglobin and the 
rared cell current that of total hemoglobin, a ratio of red to infrared cell 
rrents constitutes a measure of the relative concentration of the two pigments 
| therefore of the relative degree of oxygen saturation of the hemoglobin. 

empirical calibration of the apparatus against results obtained by the Van 

ke method, absolute values, in terms of percentage of oxygen saturation, can 
read directly from a nomogram or from a single ealibrated galvanometer 
e. The method also lends itself to photographie recording of saturation 
ies, Synehronously and continuously with recordings of other physiologic 
iables. 
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To date this instrument has been utilized chiefly for studies of oxvee) 
saturation of arterial blood and, in diagnostic cardiac catheterization wher 
it allows immediate correlation of roentgenographic, intracardiae pressure and 
oxvgen saturation observations. 

Accuracy of this photoelect ric method has been computed from the result 
of simultaneous photoelectric and Van Slyke determinations carried out on 131 
hlood samples ranging in hemoglobin concentration from 13.0 to 25.8 Gm. pel 
100 «ec. The standard deviation of the differences between values obtained by 
the two methods was 1.8 indicated saturation per cent; this implies a 95 per cent 
likelihood that any saturation determination made 1 the whole-blood oximete: 
will be within 3.6 per cent saturation of that obtainable by Van Slyke analysis 


li4. THE DETERMINATION OF HEMOGLOBIN AS PYRIDINE 
HEMOCTHROMOGEN 


A. Hucues Bryan, M.D., T. FRANKLIN WILLIAMS, M.A. (By INVITATION 
AND CELIA R. WEBB, A.B. (By INVITATION), CHAPEL Hi, N. C 


{ 


For use in nutrition surveys a hemoglobin method was sought which would 
he accurate, reproducible, and convenient to use in field studies, allowing the 
blood to be analyzed in a central laboratory some hours after collection in thi 
field. Of the many published hemoglobin methods, we selected the pyridin« 
hemochromogen method of Rimington, modified it, and adapted it to the Beck 
man spectrophotometer and the conditions imposed by field studies. 

Method.—Ten eubie millimeters of blood measured in a calibrated Sahli 
type pipette are discharged into 1 ¢.c¢. of distilled water in a tube calibrated to 
contain 5 «ec. The resultine hemoly zed blood is allowed to stand at room tem 
perature twenty-four hours before analysis. 

The }>\ ridine hydrosulfite reagent is prepared fresh for each bateh o 
analyses as follows: Five grams of sodium hydrosulfite powder is dissolved 1 
approximately SO ¢.e. of N/10 sodium hydroxide, The solution is filtered, 5 ¢.¢ 
of pyridine are added, and the combined reagent diluted to 100 ¢.¢. with N/ 10 
sodium hydroxide. 

To the hemolyvzed blood are added 0.5 Ce. ot ps ridine hvdrosulfite reavell 
and 1 ¢.¢. of N/5 sodium hydroxide, and the reaction mixture is diluted to 5 c. 
with N/10 sodium hydroxide. The tube is shaken after each addition and foam 
ing can be dispelled 1 the use of one drop ot n-butyl aleohol. The density 
determined in the Beckman spectrophotometer after ten to sixty minutes a 
558 to 560 mp. Pyridine hemochromogen has a very sharp absorption peak 1 
the neighborhood of 558 to 562 mp. For accurate work it is necessary to cd 
termine the point of maximum absorption for each set of determinations. Thy 
hemoglobin content of the blood is obtained from a calibration curve prepared b; 
submitting to the foregoing procedure bloods whose hemoglobin content we 


) 
I 


determined by analysis for iron. <A straight line relationship exists betwee! 
hemoglobin content and density of pyridine hemochromogen. 

We have investigated the influence of the following variables: (1) pr 
portions of sodium hydrosulfite and pyridine in the reaction mixture, (2) effe 


of the order of adding the reagents, (3) change of absorption with time aft 
adding the reagents, and (4) effect of the time of standing of the hemolyz 
blood before addition of the reagents. The conditions deseribed appear to @1\ 
the most satisfactory and reproducible results. Preliminary work indicat: 
that the error in repeated single determinations on the same blood is less tha 
3 per cent. 
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11s. THE CELLULAR COMPOSITION OF TILE BONE MARROW 
IN NORMAL INFANTS AND CHELDREN 


KURT GLASER, M.D. (By INVITATION), HENRY G. PoNCHER, M.D.. AND 
Louis R. Limarzi, M.D., Curcaco, Iuu. 


Kxtensive reviews of the literature on the cellular composition of the bone 
marrow in ¢hildren have shown the laek of information available on this subject 
and have expressed the need for further investigation. 

This study covers 138 sternal marrow punctures on normal individuals 
from birth to 19 vears of age. There was very little, if any, variation by age 
found in the cell counts of individuals ranging in age from 1 to 19 years. The 
findines of the cell counts of this age GTOUpP were therefore used to establish 
normal average values for the cellular distribution of the bone marrow (myelo- 
blasts, 1.23 per cent; leucoblasts, 1.44 per cent; promyelocy tes, LS per cent; 
mvyeloeytes, 3.46 per cent*; metamyeloevtes, 36.05 per cent; polymorphonuclear 
cells, 12.9 per cent; eosinophiles, 3.958 per cent; pronormoblasts, 0.47 per cent; 
hasophilie normoblasts, 1.69 per cent; polychromatie normoblasts, 18.2 per cent; 
orthochromatie normoblasts, 2.72 per cent). 

Cell counts on infants less than 1 vear and particularly less than 1 month 
old showed wide and constant variations with age. The number of nucleated 
red cells during the first and second days of life approximated those established 
as normal averages (2%12 per cent). From then up to the fifteenth day there 
was a marked deerease, followed in turn by an inerease to average values. 
Lower figures were again recorded during the third to fifth months. Among 
the individual cells of this series the polychromatic normoblasts showed varia- 
tions identical to those of the total red cell group. Pronormoblasts and baso- 
philie and orthoechromatie normoblasts showed similar findings but the flue- 
tuations in number became less marked and statistically less significant with 
the smaller number of cells. Over the entire span of nineteen vears there 
seemed to be a tendency for the vounger cells to decrease in number with pro- 
eressing age and for the older cells to increase during the same period. This 
variation in percentage was minimal, vet it occurred with remarkable consis- 
eney, 


{ 


The observations on the myeloid series likewise brought strong and con 
tant changes during the first month of life, with less significant variations 
uring later months and years. The values for the first and second days of life 
losely approached the average figures (60.59 per cent); the following days we 
w a marked inerease in number of myeloid cells, with a drop around the 
ventieth day, followed by a rise to average figures by the end of the first 
wonth. From then on there was little deviation from the average up to the 
d of the observation period (nineteen vears). As to the individual cells in 
s group, the metamyveloeyvtes, which form the largest part of the series, 
wed the same pattern as the total group. The smaller groups of the myeloid 
ies showed findings similar to those of the total group, but again the vari 
ms were not as marked because these cells occurred in much smaller numbers. 
considering the total period of observation there seemed to be again a ten- 
cy for the number of younger forms to decrease and for the number of older 
is to increase. 
The myeloid-erythroid ratio showed during the first and second days figures 
© to the established average (2.94), followed by a sharp rise up to the end of 
second week (14.5), when the values again fell, reaching the average at the 


*All cells showing more than kidney-shaped indentation of their nucleus were placed 
ng the metamyelocytes, thus producing relatively low values for the myelocytes, 
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end of the first month. Thereafter the deviations of individual counts from the 
average bore no relation to the age of the child. 

The lvmphoeytes varied in number from a low of 4 to 7 per cent on thi 
first to sixth day to a high of 38 per cent around the twentieth day. During thi 
first and second year there was a gradual decrease (corresponding to the d 
crease in the peripheral blood), reaching the average level (16.03 per cent) at 
around 4 to 5 vears ot age. 

Basophilie granuloevtes, plasma cells, megakarvoevtes, monoevtes, and 
reticulohistioeyvtes occurred in small numbers and no tendency of the numeriea 
variations of these cells with regard to age could be noted in our counts. 

Conclusion.—Normal cell values for the age period from birth to 19 years 
were established by means of 138 sternal marrow punctures. Constant and 
important variations in number of all cell groups were noted during the first 
month of life and of the erythroid series during the third to fifth months. No 
marked deviation from average values oceurred during the remaining obse1 
vation period. The searce data available in the literature, usually limited by 
the small number of cases reported or inadequate age distribution or statistical 
evaluation, served nevertheless to confirm our findings. Further investigation 
as to the cellular composition of the bone marrow in older individuals, studied 
by the same method, seems indicated. 


116. STERNAL MARROW STUDIES IN HODGKIN’S DISEASE 
Louis R. Limarzi, M.D., AaNp JEROME T. PAUL, M.D., Cuicaco, ILL. 


It is generally agreed that Hodekin’s lyvmphogranulomatosis is not a diseas 
of the lymph nodes exelusively but that the lesions may be widespread, resem 
bling more closely the distribution of the reticuloendothelial system than that of 
any other svstem. Although the ultimate diagnosis may in many eases _ rest 
upon the histologic examination of the affected Ivmph node, 12 per cent or 
more of patients with Hodgkin’s disease do not show any lymph node enlarg: 
ment for a long period of time. 

Interest in the value of sternal puncture in the diagnosis of Hodekin’s 
disease becomes apparent when one considers the high incidence of the marrow 


involvement in this disease. Although the vertebrae and pelvis seem to be pri 
marily attacked, the sternum is involved in a high percentage of autopsy eases 
(63.7 per cent). It is of interest to note in view of the fact that most of the 


peripheral blood changes that have been deseribed in Hodekin’s disease concer 
eellular elements of bone marrow origin that the first examination of the sterna 


marrow during life in this disease was made by Weiner and Kaznelson in 1926. 
This report comprises the hematologic and clinical observations made on 
group ot thirty-five patients with Hodgkin’s disease. Besides the normal con 


trols, the blood and bone marrow were studied in patients with lymphosarcoma 
reticulum-cell sarcoma, and mycosis fungoides. The bone marrow studies wet 
done from both films and histologie preparations made from bone marroy 
particles of the marrow material obtained by sternal aspiration or biopsy mi: 
terial removed by means of small trephine. 

From the results of our bone marrow studies during life and a review of th 
literature it is concluded that (1) the most constant findings in the bone marro\ 
in Hedgkin’s disease are a myeloid and megakaryocytic hyperplasia. The mo 
phologie pattern of the bone marrow and especially that of the granulopoieti 
tissue is that seen in chronie toxie states. The panhyperplasia of the bon 
marrow observed in some cases simulates that of Banti’s disease. (2) A pat! 
ologic type of megakarvoeytopoiesis involving the *‘lymphoid’’ type of meg: 
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karyvocytes is observed in some eases of Hodekin’s disease. These cells are not 
specific for this reason. These ‘‘lymphoid’’ megakaryocytes may produce 
atypical forms of platelets. (3) Reed-Sternbere cells were not seen in sternal 
aspiration material nor in the histologic sections of bone marrow particles from 
such material. Evidence is presented to show that the giant cells of Hodekin’s 
eranuloma are not similar nor related to bone marrow meeakaryoeytes. (4+) The 
finding of increased numbers of normal or atypical plasma cells, eosinophiles, 
and reticular cells is neither a constant nor a specific pattern of the bone marrow 
in Hodgkin’s disease. Kosinophilia of the bone marrow cannot be correlated 
with the peripheral blood eosinophilia. (5) The accurate diagnosis of the 
disease is established only by the finding of the specifie pleomorphic lesion of 
Hodekin’s granuloma. This is best observed in the histologie section of an in- 
volved lymph node. The finding of any one cell or group of cells in sternal 
aspirated bone marrow films is insufficient evidence for the diagnosis of Hode- 
kin’s disease. 


117. ANEMIA OF PREGNANCY TREATED WITH MOLYBDENUM 
IRON COMPLEX 


WILLIAM J. DreCKMANN, M.D. (By InNviration), Haroup D. Prippie, M.D. 
(By INVITATION), ROSE TURNER, B.A. (By INVITATION), AND 
BETTY TREPTOW, (By INVITATION) CHICAGO, ILL. 


Four and six tenths per cent of our pregnant patients have a hemoglobin 
concentration less than 10 grams per 100 ml., but, if the nonpregnant standard 
of 12 grams is used, 39 per cent are anemic. We believe that the lower limit 
of the hemoglobin concentration between the twelfta and thirty-sixth weeks is 
10 grams and from then to term is 10.5 grams. Up to twelve weeks antepartum 
and by six weeks post partum the lower limit is the normal nonpregnant limit or 
12 grams of hemoglobin. All patients are screened by a hematocrit determina- 
tion every three months, at term, and again at six weeks and six months post 
partum. <Any patients with hematocrits less than 37 for the nonpregnant or 
early pregnant or less than 30 between the twelfth and thirty-sixth weeks or 
less than 32 between thirty-six weeks and term have a hemoglobin determination, 
in erythrocyte count, and the various indices ealeulated. 

Treatment with ferrous and ferri¢ iron alone or with various vitamin com- 
nations did not cause a signifieant increase in the rate of hemoglobin for- 
lation. A molvybdenum-iron complex has resulted in a rapid increase in hemo- 
vlobin concentration. If this does not oceur within three weeks, then more 
xtensive studies should be made to determine the cause of the anemia. 


18. OBSERVATIONS ON THE TREATMENT OF ACUTE LEUCEMIAS 
WITH ANALOGUES OF FOLIC ACID 
W. Jacosson, M.D., WituiAm C, Levin, M.D., AND Gorpon Hour, M.D. 
GALVESTON, TEXAS 
(INTRODUCED BY RAYMOND GrReEGory, M.D.) 
Ten patients, belonging to the group with acute leucemia, have been 
eated with Aminopterin (4-amino-pteroylglutamie acid) or Methopterin 
0-methyl-pteroylglutamie acid). Acute lymphoeytie leucemia (leucosarcoma) 


as the diagnosis in seven instances, and acute monoblastie leucemia in three. 
ight patients were children and two were adults. 


PERE 2 
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In general the patients were treated with 2 mg. of the compound, admin 
istered intramuscularly, on alternate days. Some patients, receiving Meth 
opterin, had the dosages increased to 2 me, daily. Blood transfusions and 
antibiotics were administered when indicated, 

Patients Treated With Aminopterin.—Three patients received Aminop 
terin only; a fourth patient received Aminopterin following an initial period 
on Methopterin. All four developed evidences of toxic reactions as manifested 
by stomatitis, macular rash, and marked depression of bone marrow activity. 
One of this group showed some clinical and hematologie improvement. One 
patient has died, and the remaining two have failed to show a definite response. 

Patients Treated With Methopterin—Methopterin was given to six pa 
tients and a seventh received Methopterin but later was treated with Amino 
pterin. Of these seven patients, two died before the drug had a chance to aet 
Of the remainder, none developed manifestations of toxic svViInptoms In con 
trast to the patients treated with Aminopterin. One patient has developed a 
very conspicuous ¢linical and hematologic remission with a reversal of the 
marrow to a nearly normal picture. Another patient improved while receiving 
Methopterin but her condition deteriorated when subsequently receiving 
Aminopterin. Three patients have so far shown no improvement but are still 
under treatment. 

The impression has been gained that Methopterin is superior to Amino 
pterin in the treatment of acute leucemias, especially in view of its lower 
toxicity. 


119. TREATMENT OF ACUTE LEUCEMIA WITH AMINOPTERIN 
(4-AMINO-PTEROYLGLUTAMIC ACTD 


Mina Prerce, M.D. (By Invitation), ANp Howarp Aut, M.D., Cuicaco, Itt. 


Remissions characterized by clinical and hematologic improvement and a 
return of the marrow pattern to normal in acute leucemias treated with Amino 
pterin were reported by Farber and co-workers, in the spring of 1948. The 
duration of treatment in this preliminary report was of three months or less 
This report deals with our experience in the treatment of eleven patients with 
acute leucemia since May 1, 1948. 

The action of Aminopterin is not clearly understood. Farber observed 
certain pteroylglutamice conjugate, notably Teropterin and Diopterin, induced 
an accelerating effect on leucemic tissue. The search for an antagonist drue 
led to the synthesis of Aminopterin; this product caused a rapid fall in the 
total blood leucocytes, a reduction in the size of the hematopoietic organs, and 
aplasia of the marrow. 

In our series there were nine children under 10 vears of age, one adolescent, 
13 vears of age, and one adult, 66 vears of age. All but one had acute untreated 
leucemia. The duration of the disease prior to treatment was less than one 
month in ten patients. The drug was administered intramuscularly. The daily 
dose was adjusted to the age and weight of the patient and varied from .25 to 
1 mg. in the children and from 1 to 2 mg. in adults. Daily administration was 
continued until clinieal and hematologic effects were obtained; thereafter treat 
ment was given four to five times a week until toxic manifestations developed. 
Transfusions were used to support the anemia. Hematologic effects were fol 
lowed by serial blood and bone marrow studies. The duration of treatment 
has extended more than four months in four cases, two months in three, on 
month in two, and less than one week in two. Of eleven patients treated, eight 
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are still living, three are dead. Of the eight living patients, five sustained 
mission; three did not. Of the three patients who died, one was treated in the 
terminal phase and one succumbed to a cerebral hemorrhage; one was the adult. 
In the five patients in whom complete remissions were obtained, the duration of 
the elinieal and hematologic improvement lasted for more than six weeks in two 
instances, after which some degree of enlargement of the hematopoietic organ 
and/or return to the leucemi¢ marrow pattern recurred, Both of these patients 
are still living. In three cases, the duration of the remission is less than a 
month. Of the three living patients who showed no remission, two were treated 
continuously four months and one for three weeks. 

The remissions were initiated in each instance by a fall in the total num 
her of blasts in the peripheral blood, and a rapid reduction in the size of the 
hematopoietic organs. The effects occurred within ten to twenty days after 
instituting treatment. Hyperpyrexia, abdominal tenderness, and severe hemor- 
rhagie diatheses were often encountered. In all instances a severe aplasia of 
the marrow accompanied these signs. The total dose of Aminopterin admin- 
istered before signs of marrow aplasia developed varied from 2.5 to 20 mg. The 
drug was discontinued when aplasia developed. Tollowing the aplastic stage, 
the total leucocyte count rose gradually, followed by a rise in the reticulocytes, 
erythroeytes, and platelet levels. Granulopoiesis returned in the bone marrow 
within five to ten davs. During the period of active marrow granulopoiesis, 
clinical improvement was dramatie and evidenced by a drop in the tempera- 
ture curve and general appearance of good health. Treatment was resumed 
as soon as granulopoiesis was re-established. Stomatitis developed in seven pa- 
tients under prolonged treatment. In the two under treatment for four months, 
who sustained a complete remission, relapse of the svmptoms occurred after 
six weeks and the e¢linical course has been subaeute. Relapse was initiated by 
inerease in size of the peripheral lymph nodes and _— a rising white count, 
and reeurrence of the leueemie marrow pattern. Under continued treatment 
reduction in the hematopoietic organs was obtained again. However, the bone 
marrow has remained leucemic. In spite of the marrow involvement, the red 
count, hemoglobin, and platelet values remained normal since the initial remis- 
sion, a period now of more than three months. In the three patients under con- 
tinuous therapy for four months, the clinical course has been subacute and 
organ involvement has been minimal, but no measurable improvement in the 
marrow pattern has been noted on repeated examinations. 

Summary.—Of eleven patients with acute leucemia treated since May 1, 
1948, remissions have been obtained in five instances. The remissions have been 
characterized by a severe marrow aplasia followed by a rapid regeneration. 
Remissions are not sustained. Whether the use of this product will significantly 
‘hange the course of the disease remains to be proved, 


120. TREATMENT OF CHRONIC LEUCEMIA WITH A FOLEC ACTD 
ANTAGONIST 


LAWRENCE BERMAN, M.D. (By Invitation), ARNoLD R. AXELROD, M.D. 
(By Inviration), ELMoRE CC. VoNpdERH EIDE, M.D., AND 
En.woop A. SHarp, M.D., Derrorr, Micn. 


Previous reports on the use of pteroylglutamic acid antagonists in man 
e dealt primarily with the treatment of acute leucemia. This study is based 
n saan ‘rvations of the effect of the folic acid antagonist 4-amino-pteroylglutamie 
‘id* in nine patients with chronie leueemia. One of the patients having my- 


*N-[ 4-{[ (2,4-diamino-—6—pteridyl)—methyl]—amino}—benzoyl]-glutamic acid. 
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elogenous leucemia received two series of treatments. The drug was taken 
orally, in daily doses ranging from 1.25 to 7.5 mg. over periods from six to 
twenty-five days. Results are shown in Tables I and II. 


TABLE I. LEUCOCYTE COUNTS IN PATIENTS WITH MYELOGENOUS LEUCEMIA BEFORE AND 
AFTER TREATMEN' 


IMMATURE MATURI 

GRANULO GRANULO rOTAL 

TOTAL W.B.C. STEM CELLS CYTES CYTES DOSE IN 
CASI PER C.MM. PER C.MM. PER C.MM. PER C.MM. MG. 
ly 300,000 14,280 121,200 109,000 0 
15,000 0 856 7,490 ie eg 
lb 100,000 4.330 2? OSO 62,400 0 
68,000 302 15,410 37,200 49 
> 150,000 7.810 72.000 49,500 7) 
PS 700 287 86] 20,900 Y7 
17.800 8,560 10.710 24,580 0 
18,850 296 1,059 14,320 97 
4 263,000 27,920 98 600 100,800 0 
184,000 6,930 5,500 118,800 S6 
5 78,000 19,080 8 S60 33,300 0 
5,750 39 78 3,921 67 


TABLE I]. LeEvucoCcYTE COUNTS IN PATIENT WITH LYMPHATIC LEUCEMIA BEFORE AND AFTER 
TREATMENT 


GRANULO 
TOTAL W.B.C, STEM CELLS CYTES AND LYMPHO rOTAL DOSE 
CASi PER C.MM. PER C.MM. MONOCYTES CYTES IN MG. 
l 102,000 1.270 15,500 82 200 0 
73.800 5,740 260 67,800 132 
9 76,400 0 12,500 63,900 0 
77.800 0 8,600 69,200 105 
3 35,130 0 1.567 30,563 0 
50,000 0 10,500 39,500 52 
r 231,000 26.240 6,644 198,100 0 
180,500 S570 7.876 164,000 56 


Stem cells in both myelogenous and lymphatie leueemia and immature 
granulocytes in myelogenous leucemia decreased in number, but platelet and 
erythrocyte counts were variable. Usually mature granulocytes decreased in 
number during treatment, but lymphocytes of mature type were not affected. 
Progressive falls in total leucocyte counts occurred for as long as ten days aftet 
treatment was stopped. 

The most important morphologic effects included the appearance of small 
numbers of megaloblasts in material aspirated from the sternal marrow. The 
cells were indistinguishable from those characterizing erythropoiesis in addison 
lan pernicious anemia in relapse. They were seen after approximately 100 me 
of the medication had been ingested over periods from six to twenty-four days 

In two patients with lymphatic leucemia there were decreases in the sizes 
of lymph nodes. The hematologic effects of therapy were temporary and neve} 
completely adequate because treatment had to be stopped when toxie signs ap 
peared. 

The toxie effects, in the order of appearance, included pharyngitis, stomati 
tis, sore tongue, crampy abdominal pain sometimes associated with diarrhea 
dermatitis, and alopecia. Usually pharyngitis first appeared within a few day 
before or after significant changes in the leucocyte counts were noted. Thi 
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total dosage of the drug which produced toxie effects varied from 30 to 75 mg., 
although one patient received 105 mg. without experiencing such signs. There 
was evidence that when small doses are used initially, a larger cumulative dose 
can be tolerated before toxic symptoms appear. 

Autopsies on two patients who expired shortly after therapy was stopped 
revealed no changes which could be attributed to the medication. 

Although 4-amino-pteroylglutamie acid had a definite hematologic effect, 
there was no subjective improvement in any of the patients. The use of the drug 
in chronie leucemia is limited by the early development of toxie phenomena. 
Further studies with related compounds are warranted. 


121. EFFECT OF ANTIFOLIC ACID DERIVATIVES ON PATIENTS 
WITHL FAR-ADVANCED CARCINOMATOSIS 


SAMUEL G. Tavior, III, M.D., DANLEY SLAUGHTER, M.D. (By INVITATION), 
Ik REDERICK W. Preston, M.D. (By Inxviration), JOSEPH CRUMRINE, M.D. 
(By INVITATION), AND GEORGE Hass, M.D., Cuicaco, IL. 


Observations were made on thirty-five patients with far-advanced car- 
cinomatosis given pteroyltriglutamie acid (Teropterin) intramuscularly daily 
for from two weeks to twelve months. The dose varied from 20 mg. daily to 
00 mg. b.i.d. The following diseases were treated: two epidermoid carcinomas, 
one carcinoma of the panereas, three mixed tumors of the parotid, three adeno- 
carcinomas of the cecum, two carcinomas of the colon, five carcinomas of the 
breast, three transitional cell carcinomas of the bladder, one thymic carcinoma, 
two bronchogenic carcinomas, one adenocarcinoma of the reetum with carcinoid 
of the ileum, two carcinomas of the ovary, one epithelioma of the penis, one 
hvpernephroma, one neurofibrosarcoma, one lymphosarcoma, one fibrosarcoma 
of the orbit, two melanosareomas, one Ewing’s sarcoma, two unclassified malig- 
nant bone tumors. 

No patients showed any evidence of toxie reactions to the drug even with 
very large doses. No change in the expected course of the disease was noted 
n thirty-four of the thirty-five patients given the drug. We were unable to 

emonstrate any beneficial effects attributable to administration of the drug 
i these patients. 

One patient with pulmonary metatases from a carcinoma of the breast 
owed roentgenographie evidence of incomplete regression of the metastatic 
idules after three months of daily injections of 40 mg. pteroyltriglutamic aeid. 
ough the metastatic nodules persist, there has been no increase in their size 
e months following cessation of administration of the drug. 

Autopsies were performed in twelve instances. No specifie effect of the 
ig on tumors could be demonstrated microscopically. 

Twelve patients with malignant disease were given 4-amino pteroylglutamic 
d (Aminopterin). The following diseases were treated: one mycosis 
goides, nine carcinomas of the female breast, one adenocarcinoma of the 
rv, one melanosarecoma. 

Most patients developed ulcerative lesions in the buceal, vaginal, or rectal 
cosa during therapy. Granuloecytopenia occurred in two patients and a 
al paneytopenia developed in one. This patient also had multiple ulcerations 

he gastrointestinal tract. Stomatitis and vaginitis usually preceded granulo- 
openia. The appearance of toxie reactions frequently necessitated omission 
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of the drug. Stomatitis and leucopenia developed in one elderly patient afte: 
two daily injections of 1 mg. of 4-amino pteroylglutamie acid. 

An arrest of rapidly progressive neurological changes and roentgenographii 
evidence of marked regression in the pulmonary lesions have been noted in one 
patient with metastatic carcinoma of the breast. Marked regression of regional 
metatases was noted in one other patient with metastati¢é mammary cancer 
However, both patients experienced severe toxie reactions to the drug. 

It is concluded that pteroyltriglutamic acid in the doses given are probably 
of no value in the treatment of the types of malignaney stated in the foregoing 

No conclusion can vet be drawn on the effeet of 4-amino pteroylelutamic 
acid on malignancy. However, the dramatic response of one patient necessi 
tates further careful observations despite the dangerous toxie side effects. 


122, EFFECT OF VITAMIN B,, ON THE HEMATOPOIETIC AND 
NERVOUS SYSTEMS IN ADDISONIAN PERNICIOUS 
ANEMIA 


B. E. Hauu, M.D., Ann D. C. CAMPBELL, M.D. (By Invitation 
ROCHESTER, MINN. 


The effect of vitamin B,, in six patients having classical Addisonian per 
nicious anemia has been studied. In four of the six patients the diagnosis o| 
pernicious anemia had not been established previously. The remaining two 
patients had had short courses of treatment with parenteral liver extracts 
four and three years, respectively, prior to admission to the Clinie. All six 
patients were in severe relapse. Reticuloeyte peaks were noted four to seven 
days after the institution of therapy and were tollowed by a rise in erythro 
cyte counts which reached normal levels in from four to six weeks. Seria! 
aspirations of the bone marrow revealed complete conversion from megalo 
blastic to normoblastie regeneration in from forty-eight to ninety hours after 
administration of B,,. Lantern slides in color will be used to depict the serial 
changes in the marrow. 

Excellent hematologic responses were obtained with doses of 25 pe ot! 
vitamin B,, administered at weekly intervals intramuscularly. Some evidence 
was obtained to indicate that intervals longer than one week between injections 
were not always accompanied by a maximal rise in erythrocytes. In one eas 
an initial dose of 6 »g was not followed by a maximal reticuloeyte response. Al 
interesting observation was the development of hypochromasia in the erythro 
cytes of two of the six patients during the period of rise in erythrocyte levels 
The significance of this observation is not clearly understood and needs furthe) 
study. 

Four of the six patients had glossitis prior to the institution of therapy 
In all four the glossitis improved after treatment was begun and eventually 
disappeared. Four of the six patients also had definite evidence of subacut 
combined degeneration of the spinal cord. One patient showed no improvement 
symptomatically or objectively after receiving 100 ye of vitamin B,, over « 
period of sixty-two days. A second patient showed remarkable improvement 
after receiving 75 pg over a period of thirty-three days. The remaining tw 
patients have not been observed long enough to permit conclusions to be drawi 
It should be emphasized, however, that prolonged observation over a period o 
many months will be necessary before it will be possible to determine whethe1 
or not vitamin B,, therapy will protect permanently the central and periphera 
nervous systems in pernicious anemia. 
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123. ESSENTIALITY OF BOTH THE ANTIPERNICIOUS ANEMIA 
FACTOR OF LIVER AND PTEROYLGLUTAMIC ACID 
FOR HEMATOPOIESIS IN SWINE 


Ropert W. HeINLE, M.D., ARNoLD D. Wetcu, M.D., aNnp JACK A. PRITCHARD, 
M.D. (By INVITATION), CLEVELAND, OHIO 


Macrocytie anemia with megaloblastie hyperplasia of the marrow was in- 
duced in swine by use of a diet essentially free of extrinsic factor and pteroyl- 
elutamic acid (PGA) and containing a crude PGA antagonist and suecinyl- 
sulfathiazole. 

One pig thus rendered anemic responded incompletely to one dose of PGA- 
free liver extract (15 units) but two months later failed to respond to ten 
successive daily doses of 15 units each. Tour 15 mg. doses of PGA then pro- 
dueed an exeellent hematologic response. 

Another pig failed to respond to five daily doses of 200 Gm. of crude 
casein, used as a source of extrinsic factor. In a second period, ten-minute 
daily doses (0.05 mg. each) of PGA caused only a small reticulocyte response. 
In a third period, however, five daily doses of 200 Gm. of crude casein produced 
a secondary reticulocytosis and a more complete hematologic response. 

The findings indicate that a dual deficiency involving PGA and the anti- 
pernicious anemia (APA) factor was produced. In the first pig it is suggested 
that the first administration of liver extract produced a small response because 
PGA was not completely absent, while the second administration of liver ex- 
tract was ineffective because the animal was now devoid of functional PGA. 
Whether a deficiency of APA factor had also been re-established cannot be 
stated, but failure to respond to liver extract indicates that the PGA-deficiency 
was, by itself, capable of preventing hematopoiesis. In the second pig it is sug- 
vested that extrinsie factor was ineffective until a catalytic amount of PGA was 
made available. 

A third anemic animal responded twice to single doses of 1 mg. of PGA 
given at monthly intervals. However, a third dose, given after another month, 
failed to elicit a significant response. <A single dose of 100 units of purified 
liver extract produced a good reticuloeytosis and a partial hematologie remis- 
sion. However, this restored the ability to respond to PGA, as indieated by a 
vood reticuloeyte response following a fourth injection of 1 mg. 

The results in this animal indicate that deficiencies of PGA and of the APA 
actor were produced. When the deficiency of APA factor became sufficiently 
rofound, PGA was unable to induce hematopoiesis. With removal of the de- 
icieney of the APA factor, with a resultant partial remission, PGA again be- 

me hematopoietically active. 

It may be concluded that under the conditions of these experiments neither 

e APA factor nor PGA ean function hematopoietically in the absence of the 
her and that both substanees are essential to the processes involved in the 
ituration of erythrocytes. 


124. FURTHER STUDIES ON THE EFFECT OF URETHANE ON 
LEUCEMIA 
Pau. L. BEpINGER, M.D., Cuicaco, IL. 
(INrRopuUCED By Louris R. Limarzt, M.D.) 


Last year, before this Society, we reported the effect of urethane in leu- 
lia on experience gained with thirty-five cases. We have now studied its 
ect in a total of eighty-five cases. Of these leucemias 30 were acute, 3 were 
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acute monoeytie (Naegeli type), 2 were subacute myelocytic, 2 were subacute 
lvmphocytic, 34 were chronic Ivmphoevtic, and 12 were chronie myelocytic 
One patient with lymphosarcoma of the skin and one with myeloid metaplasia 
of the spleen were also observed. 

In general, our later observations bear out those previously reported 
The most consistent results in using urethane may be expected in those indi 
viduals having the chronie myelocytic type. The white blood count may br 
brought to a normal level and, except for minor fluctuations, may be main 
tained there as long as a proper dose is given. If the drug is stopped, the count 
steadily and rapidly rises, only to drop again with institution of urethanc 
therapy. The red blood cell and hemoglobin values are improved during this 
treatment. 

In chronic lymphocytic leucemia the results in over SO per cent of ow 
series are good as concerns the lowering of the white blood count. It appears 
that in some individuals larger doses than ean be tolerated are needed for pro 
ducing the desired effect. 

The results in the use of urethane in acute leucemia are the least strik 
ing. Although one observed occasionally what appears initially to be a dramatic 
fall in the white count, the patient either succumbs at this level or has an equally 
sudden rise to even higher than pretreatment levels before death. We have ob 
served in two of our patients a temporary complete bone marrow remission to 
normal. However, this effect was not maintained. 

There is little effect of urethane on the size of the lymph nodes or spleen 
in lymphoeytie leucemia. As a matter of fact, in one patient with chronic 
lvmphoeytie leucemia the glands actually increased in size. Our usual daily 
dose has been from 14 to 3 Gm. orally. Some of our patients have been main 
tained for eighteen months on the drug, with a total of over 5,000 Gm, being ad 
ministered. At this dosage level no toxie effects, other than weight loss, drowsi 
ness, and loss of appetite, have been observed in the living. No tissue changes 
have been observed from the drug as seen at autopsy. Care should be taken in 
the intravenous administration of urethane as we have observed a fatality wher 
it was given in this manner. 


125. CLINICAL OBSERVATIONS WITH METHYL-BIS 
3-CHLOROETHYL) AMINE HYDROCHLORIDE 


Tibor J. GREENWALT, M.D., AND ANTHONY J. GQRUENINGER, M.D. 
MILWAUKEE, WIs. 


(INTRODUCED BY MAvurRIcE HarpGrove, M.D.) 


Twenty-four patients have been treated with methyl-bis (B-chloroethy! 
amine hydrochloride since November, 1946. The recommended course of treat 
ment consisted of 0.1 mg. per kilogram of body weight given daily for fou 
days. 

There were twelve patients with Hodgkin’s disease proved by biops} 
Seven of these patients were x-ray resistant. Tour of the group have died. T! 
average duration of life after starting therapy was eight months (range, one 1 
thirteen months). The other three are still living two to six months after treat 
ment. In five additional patients nitrogen mustard was used as the initi 
form of therapy. In three of these the beneficial effect was short-lived. In tl 
other two the results were more satisfactory. One remained in remission ft 
six months and had two courses of the alkyl amine. Later x-ray therapy w: 
instituted. The other has been in complete remission for nine months and hi 
received three courses of therapy. Two of the five have died. Both were ove 
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x-ray therapy after failure of response to mustard. The average duration ot 
disease by history in the six patients who have died was 7.4 years (range, six 
months to twenty years). The average duration of disease in the six living pa- 
tients is 1.5 years at present. It appears that the methyl-bis (B-chloroethyl!) 
amine is of value in treating x-ray-resistant cases of Hodgkin’s disease. It ot- 
fers no advantages as an initial form of therapy. 

Two patients with lymphosarcoma and two with giant follicle lymphoma 
were given nitrogen mustard. One of each of these had a partial, unsatisfactory 
remission. One in each category is still in remission nine months after a single 
COUPrSe. 

One patient with chronie Iymphoevtie leueemia, one with chronic myelo- 
evtie leucemia, and one with polyeythemia vera were treated with partial and 
brief response. 

Two patients with squamous cell bronchiogeni¢ and one with small cell 
adenocarcinoma of the lung, one with squamous cell carcinoma of the floor of 
the mouth, and one with malignant myeloma of the chorioid were treated with 
hut slight effect. 


126. THE USE OF RADIOARSENIC (As‘*) IN THE TREATMENT OF 
LEUCEMIA AND ALLIED DISORDERS OF THE 
HEMATOPOIETIC TISSUES 


MattHew H. Buock, M.D. (By Invitation), LEoN O. JAcosson, M.D., 
WitutiaAmM B. Neat, Jr., M.D. (By Ixviration), AND TAYLOR 
R. SmitH, M.D. (By Inviration), Cuicaco, IL. 


Nineteen patients with tumors of the hematopoietic system have been 
viven As‘ prepared by pile irradiation of arsenie trioxide and cacodylic acid. 
Arsenic’® has a half-life of 26.8 hours and energetie beta and gamma radiations. 
Doses of As*® ranged from 1 to 80 millicuries with 3 to 10 mg. of stable arsenic 
and were administered intravenously as the trioxide. Preliminary studies in- 
dicated that each millicurie was approximately equivalent to one roentgen of 
total body radiation. In four previously untreated patients with chronie myelo- 
‘vtic leucemia, single injections of this radioisotope produced elinical and 
ematologie remissions. One of these patients is still in remission after eleven 
ionths. However, no significant clinical response was produced by the iso- 
tope in two patients with chronie myelocytic leucemia who no longer responded 
‘o conventional irradiation therapy. One patient with an acute myelocytic 
ucemia failed to respond. One patient with a subacute myelocytic leucemia 
ad elinieal and hematologic remissions of about two months after each of two 
njections. However, this latter case required frequent transfusions and an 
‘teomyelitis of the femur failed to heal in spite of chemotherapy and surgery. 

Three patients with chronic lvmphocytie leucemia treated with less than 
millicuries were not benefited. One aged male, previously insensitive to 
trogen mustard and needing massive transfusions, responded with a decrease 
lymph node enlargement and splenomegaly, an increase in subjective sense 
well-being, as well as a depression of the white count for about two months. 

Two patients with acute lymphoeytie leucemia were treated with 70 and 60 
llicuries, respectively. One had a temporary and incomplete remission; in 
other, a definite clinical and hematologic remission of approximately eight 
‘ks occurred. 

Two patients with polveythemia rubra vera were treated with radioarsenie. 
relatively brief remission was produced in one of these patients who was 
en a dose of 45 millicuries. The other patient received essentially a tracer 
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dose. Four patients with Hodgkin’s disease received less than 13 millicuries 
ot As*® each. The clinical effect of the isotope on the course of these four pa 
tients was essentially insignificant. Likewise, two patients with multiple 
myeloma failed to respond favorably to this radioisotope. 

The huge liver of a patient with metastases from a carcinoma of the stomac!] 
decreased about 5 em. in size following 80 millicuries of As*® in two doses 
Nevertheless, his clinical condition continued to deteriorate and he died within 
two weeks. 


127. A METHOD OF FREQUENT ESTIMATIONS OF CIRCULATING 
PLASMA VOLUME WITH ERYTHROCYTE COUNTS, 
ADAPTABLE TO LONG-CONTINUED 
OBSERVATIONS 


Henry EK. Hamitton, M.D. (By Inviration), RAYMOND F. SHEETS, M.D. 
(By INviration), AND ELMER L. DeEGowIn, M.D., Iowa Crry, Iowa 


The fluctuations in plasma volume may be studied at will over a period oi 
many days with little inconvenience to the subject. An initial measurement 
of the plasma volume by Evans blue dye (T-1824) and a coincident erythrocyte 
count are correlated with subsequent changes in the peripheral erythrocyte 
counts. The proof depends upon the demonstration of the following facts: (1 
With careful attention to the usual technique for counting erythrocytes, values 
were obtained with a standard deviation of +68,000 cells per eubie milli 
meter. (2) Erythrocyte counts on the peripheral blood of normal active adults 
were found to vary from day to day, sometimes with a range of 1,000,000 cells 
per eubie millimeter. The variation frequently occurred in cycles of two 01 
three days. (3) In subjects who had received transfusions of blood of heterolo 
gous group, the unagglutinable cell counts (donor’s blood) varied coincidental], 
with those of the recipient, in the same direction and in approximately the sami 
magnitude. (4) When estimates of the plasma volume were made from thx 
cell count some days after the original measurement by the dye method, the) 
were found to correspond with a second measurement by the dye within 
+) per cent. 

The method consists of an initial measurement of the circulating plasm: 
volume by Evans blue dye coincident with an erythrocyte count. The fluctua 
tions in erythrocyte counts thereafter can be observed over a period of man) 
days and the plasma volume ealeulated from any single observation by thi 
equation : 
ot eee 

C, 


pv, = 


where PV, is the calculated plasma volume in milliliters, PV, is the plasm 
volume in milliliters measured by the dye method, C, is the erythrocyte cow 
in millions per cubie millimeter in the peripheral blood taken at the time whe 
PV, was determined, and C, the erythrocyte count in millions per eubie mill 
meter at the time of the calculation. 

The method assumes (1) that the total number of red cells in the bod 
remains the same and (2) that the hematocrit of the peripheral blood bea 
a constant relationship to the total body hematocrit. 

This procedure has been employed to follow the daily fluctuations in plasn 
volume during normal activity, during hydration and dehydration, and in 1 
eipients undergoing blood transfusion. The same method is applicable to t! 
study of many problems in the clinic. Daily erythrocyte counts alone, wh: 
accurately performed, should serve as an indication of variations in plasn 
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volume in patients who are not losing blood and whose bone marrow is function- 
ing normally. 


28. THE INFLUENCE OF RUTIN, BENADRYL, AND PROTAMINE ON 
EXPERIMENTAL PURPURA IN THE GUINEA PIG 


KrRANK H. Betrus, M.D. (By INviraTION), AND FREDERICK W. Mapison, M.D. 
MILWAUKEE, WIS. 


Thromboeytopenic purpura was produced in eighty guinea pigs by the use 
of antiplatelet serum according to the method of Bedson. The purpurie an- 
imals were divided into four groups of twenty each. One group served as con- 
trol and received only the previously prepared antiplatelet serum, A second 
vroup received rutin, a third group Benadryl, and a fourth group Protamine, 
simultaneously with the serum. Serial determinations of erythrocytes, plate- 
lets, and petechiae were made over a twenty-four hour period following the 
administration of the serum and the drug. The petechial responses were 
measured by means of a negative pressure apparatus and the petechiae counted 
within a standrd area. 

The animals of the control group which received only antiplatelet serum 
exhibited a slight drop in eryvthroeytes, a marked fall in the platelets, and a 
sharp rise in petechial formation. The greatest number of petechiae occurred 
within six hours after the injection of antiplatelet serum which was well in ad- 
vanee of the maximum fall of platelets. When the platelets had reached their 
lowest numbers the petechial response had subsided. 

The second group of animals were given rutin in repeated injections of 
10 mg. per kilogram of body weight in addition to the initial dose of antiplate- 
let serum. These animals exhibited the same trend in platelet depression as the 
control group. The petechial response of the rutin group was approximately 
60 per cent less than that of the control group. 

The third group of animals were given the antihistaminie drug, Benadryl, 
in doses of 10 mg. per kilogram in addition to the antiplatelet serum and a simi- 
ar platelet depression occurred. However, the petechial response showed re- 
luction of about 40 per cent as compared with the control animals. 

The fourth group of animals received protamine in repeated doses of 2 mg. 
per kilogram in addition to antiplatelet serum. Again the platelet depression 
followed the usual pattern but the petechial response was markedly diminished. 
\lmost 90 per cent fewer petechiae were produced than in the control group. 

Each of the drugs tested therefore showed ability to alter the vaseular re- 

onse (in varying degrees) under the conditions of this experiment but none 
owed any effect on the thrombocytopenia. 


129. EFFECT OF VITAMIN K ON DICUMAROL-INDUCED 
HYPOPROTHROMBINEMIA IN RATS 


Kk. J. Boyp, M.D. (By Invitation), AND E. D. WARNER, M.D. 
Iowa City, Iowa 


Most of the reports dealing with the effect of vitamin K on Dicumarol- 
iced hypoprothrombinemia have been based on one or another of the one- 
‘e methods for prothrombin estimation. It has been shown that these 
hods depend not only on the concentration of prothrombin, but also on 
rate of conversion of prothrombin to thrombin. The two-stage method of 
thrombin determination separates the conversion phase from the clotting 
ase and thereby largely eliminates the rate of conversion of prothrombin to 











1652 CENTRAL SOCIETY FOR CLINICAL RESEARCH 


thrombin as a factor in prothrombin measurement. lor this reason, it seemed 
pertinent to study the effect of vitamin K on Dicumarol-induced hypopro 
thrombinemia by the two-stage prothrombin method. 

Albino rats were made hypoprothrombinemie by the administration ot 
Dicumarol. To control the dosage better, the Dicumarol was given by stomach 
tube. Vitamin K was given in daily doses as menadione in oil by stomach 
tube, or as Hvykinone by intraperitoneal injection. Doses as large as 50 me 
of menadione and 4 ¢.¢. Hykinone (1 ¢.¢. equivalent to 2.5 me. menadione 
per day were used. The data obtained by the two-stage prothrombin determina 
tion indicate that (1) rats tend to develop a tolerance to Dicumarol, (2) massive 
doses of vitamin Kk in the form of menadione, or Ilykinone, have no definite 
effect on Dieumarol-induced hypoprothrombinemia in rats, from either th 
prophylactic or the curative standpoint. 


1380. THE USE OF INTRAMUSCULAR HEPARIN FOR 
ANTICOAGULANT THERAPY 


GEZA DE TaKATs, M.D., AND EveLyN M. RocGers, R.N. (By INviTatIion ) 
CuIcaGo, IL. 


In a series of 100 patients, subcutaneous and intramuscular injections 0! 
heparin were given to maintain a prolonged coagulation time for prophylactic 
or therapeutie purposes. The solutions used were 1 and 10 per cent aqueous 
heparin and a preparation which uses gelatin dextrose and vasoconstrictors to 
delay absorption. 

After considerable trial with various dosage and timing, the following 
tentative schedule has been developed : 

The patient first is given 1 ¢.¢. of 1 per cent heparin intravenously to de 
termine his heparin tolerance. The coagulation time is determined before and 
only onee, ten minutes, after the injection, If there is a 100 per cent increase 
in coagulation time following the injection, he is regarded as having a norma! 
response and is given 5 ¢.¢c, of heparin intravenously. One hour following this 
injection, which usually raises coagulation time to about 15 minutes by thi 
venous method, the first intramuscular injection is given with the heparin 
glycerin mixture. In from twelve to sixteen hours this is repeated; the coagu 
lation time by the eapillarvy method is always done before the next injection 
to avoid a stepladder type of effect 

There has been no reaction to the intramuscular injections either in the 
form of hematoma or induration, and the coagulation times have shown a stabli 
level which was hitherto impossible to obtain even by the continuous intra 
venous drip. 


131. THROMBOCYTOPENIA SECONDARY TO INFECTIOUS 
MONONUCLEOSIS 


RicHarp M. ANGLE, M.D. (By INviration), AND Howarp L. Aut, M.D. 
CHICAGO, ILL. 


Thrombocytopenie purpura is a rare complication of infectious mononuel 
osis. A report is made of a 19-vear-old white female student nurse who de 
veloped petechiae, ecchymoses, and menorrhagia during the course of infectiou: 
mononucleosis. The platelet count fell to 10,000 per eubie millimeter. Spon 
taneous recovery accompanied convalescence from the infectious mononucleo 
sis. The patient has remained well with a normal platelet count and no furthe! 
bleeding episodes. 
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A review of the literature reveals only two identical cases. In two other 
reported instances there appeared to be a pre-existing bleeding diathesis which 
was aggravated by the infectious mononucleosis. In other possible cases the 
diagnosis of infectious mononucleosis was never definitely established or in- 
sufficient details were reported to permit comparison. 

Although the platelet-count is said to be normal in infectious mononucleo- 
sis, no report of serial counts in this disease was found. We have determined 
the number of platelets at frequent intervals in seven consecutive cases of in- 
feetious mononucleosis. In five of the seven patients the platelet count was 
helow the lower limit of normal during the first week of the disease. In one 
ease the platelets were just above the lower limit of normal, and in another, 
initial counts were not made until the second week of the disease. During the 
second week of the illness a mild thromboeytosis varving from one and one-half 
to five times the lowest count occurred in six patients. This was followed by 
a gradual return to normal values. The case, studied first in the second week 
of the disease, showed a mild thromboeytosis which subsequently returned to 
normal. In four of the seven patients the spleen was palpable, and abnormal 
liver function was present in all. 

The possibility that thromboevtopenie purpura in infectious mononucleosis 
may result from a similar but exaggerated depression of the blood platelets is 
suggested. 

The possible roles of infeetion and hyperspienism as a cause of the thrombo- 
evtopenia will be discussed. 


132. THE EFFECT OF DIGITALIS ON THE COAGULABILITY 
OF BLOOD 


JOHN Hystop FLINN, M.D., RocHestrer, MINN. 
(INTRODUCED BY Howarp B. BuRCHELL, M.D. 


The high incidence of thromboembolic complications in cases of congestive 
heart failure is generally recognized. In the past five vears several reports have 
appeared in the literature which implicated digitalis as a contributing factor 
to intravascular coagulation of the blood. Other reports have subsequently 
appeared which seem to deny this implication. The present study was under- 
taken in an attempt to determine whether certain cardiae glucosides do change 
the coagulability of the blood and, if so, how these changes can be measured. 
Because of the controversial reports, it seemed evident that an investigation 
vhich would inelude both animal and clinical research and would consist of a 
tudy of blood coagulation by several methods before and during digitalization 
was indieated. 

The problem was first investigated in the physiology laboratories of the 
Mayo Clinie and rabbits and rats were used. The study was completed in the 
Worrall Hospital, Rochester, Minn., with patients on the ecardiae services of 
ne Mavo Clinie. Studies of coagulation included the Lee-White coagulation 
me, prothrombin times of whole and diluted plasma, and heparin-retarded 
agulation time. 

Results of the investigation show that lanatosid-C and digitoxin admin- 
tered to normal rabbits and rats in doses simulating therapeutie use of the 
ugs have a definite accelerating effect upon coagulation of the blood as 
easured by the Lee-White coagulation time tests; in rabbits the in vitro 
parin-retarded coagulation time test showed a similar effect on coagulation 
the blood. No effeet was noted on the prothrombin time of whole or diluted 
asma. In the normal rabbit relatively large doses of lanatosid-C appear to 
ive an antagonistie effect to Dieumarol. 
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The blood of clinically digitalized patients was not changed from that ot 
normal subjects as measured by the Lee-White coagulation time tests or by the 
prothrombin time studies of whole or diluted plasma. However, digitalization 
appeared to diminish the anticoagulant effect of heparin in the human being 

These results seem to indicate that digitalis may be a factor in promoting 
intravascular coagulation of blood. 


EDITORIAL ANNOUNCEMENT 


On January 1, 1949, Doctor Clayton G. Loosli will become Editor of the 


JOURNAL OF LABORATORY AND CLINICAL Mepicine. <After that date, all corr 
spondence relating to editorial matters should be addressed to him at the Uni 
versity of Chieago, Department of Medicine. 

For the past two vears, this Journal has been published under the editorial 
direction of the Central Society for Clinical Research. It seems appropriat 
now to announce the way in which the Editor and the members of the Board ot 
Editors are selected. The Editor is appointed by the Council of the Central 
Society for a term of three vears; he may be appointed for a second three-veat 
term, but may not serve consecutively for longer than six years. When thi 
Editorship is to be vacated for any reason, the Board of Editors recommends a 
successor from the Society’s membership to the Council. The Council may ac 
cept this recommendation or may make its own appointment. Doctor Loosli 
represents the unanimous and enthusiastie choice of the Couneil, the Board ot 
Editors, and the retiring Editor. 

Members of the Board of Editors are appointed by the Editor to serve for 
a three-vear period. Each member is eligible for reappointment to a second, but 
not to a third consecutive term. Appointments are staggered so that four o1 
five terminate at the end of each calendar vear. Members of the Board ar 
selected from among the active, emeritus, and adjunet membership of the Cen 
tral Society for Clinical Research, 

The retiring Editor wishes to express publicly his sincere appreciation 
first, to all members of the various Editorial Boards who have served with hin 
during the past five vears; second, to the many clinical investigators who hav 
supported the Journal by sending their manuscripts to it; and third, to th 
editorial department of The C. V. Mosby Company for constant, wholehearted 
cooperation. 
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